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DESCRIPTION 

HETEROCYCLIC COMPOUNDS, INTERMEDIATES THEREOF AND 

ELASTASE INHIBITORS 

TECHNICAL FIELD 

The present invention relates to a novel heterocyclic compound 
being useful as a medicament, especially exhibiting a human 
neutrophilic elastase inhibitory activity, intermediates thereof, and a 
human neutrophilic elastase inhibitor containing as the active 
ingredient said heterocyclic compound. 

PRIOR ART 

Human neutrophilic elastase (hereinafter, occasionally simply 
referred to as elastase) is a kind of serine proteases being massively 
released from the granules of neutrophile, which appear in the cases of 
infections or inflammatory diseases. Elastase is an enzyme hydrolyzing 
proteins such as elastin, collagen, proteoglycan, fibronectin, etc. which 
constitute the interstitum of intravital connective tissues such as lung, 
cartilage, vascular wall, skin, etc. In addition, it has been clarified 
that elastase acts on other proteins or cells as well. 

In the living body, elastase keeps the homeostasis of the living 
body while the activities thereof are controlled by endogenous inhibitor 
proteins such as Qj-protease inhibitor, a 2 -macrogloblin, secretory 
leukocyte protease inhibitor, etc. However, when a balance between 
elastase and the endogenous inhibitors is lost by the exce sive release 
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of elastase in the inflammation site or by the lowering in the inhibitor 
level, the control of elastase activities cannot be kept, by which tissues 
are injured. 

Diseases in which elastase may participate are, for example, 
pulmonary emphysema, adult respiratory distress syndrome (ARDS), 
idiopathic interstitial pneumonia (IIP), cystic pulmonary fibrosis, 
chronic interstitial pneumonia, chronic bronchitis, chronic 
sinopulmonaiy infection, diffuse panbronchitis, bronchiectasis, 
asthma, pancreatitis, nephritis, hepatic failure, chronic rheumatoid 
arthritis, joint scleroma, osteoarthritis, psoriasis, periodontitis, 
atherosclerosis, rejection against organ transplant, premature 
amniorrhexis, bullous dermatosis, shock, sepsis, systemic lupus 
erythematosus (SLE), Crohn's disease, disseminated intracapillaiy 
coagulation (DIC), tissue injury after ischemia-reperfusion, formation of 
cornea cicatricial tissue, myelitis, etc. 

Therefore, an elastase inhibitor can be expected to be useful in 
the prophylaxis or treatment of these diseases. Under these 
expectations, various elastase inhibitors have been reported. 

For example, European Patent Publication No. 189305 
(hereinafter, occasionally referred to as Ref. 1) discloses a compound of 
the following formula (A-l), and it discloses that said compound (A-l) is 
useful as an elastase inhibitor. 



(CH2) n 




(A-1) 



wherein R 1 is a lower alkyl having 1 to 5 carbon atoms, R a is a lower 
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alkyl having 1 to 10 carbon atoms, etc., R 4 is a hydrogen atom, etc., A is 
-CO-, etc., and n is 0, 1 or 2. 

Within the above formula, the compound of the following 
formula is included. 




(A-2) 



R 3 of the above formula (A-2) represents various substituents, 
but it does not mean the specific substituents included within the 
present compounds as mentioned below. 

In addition, European Patent Publication No. 291234 
(hereinafter, occasionally referred to as Ref. 2) discloses a compound of 
the following formula (B-1), and it also discloses that said compound (B- 
1) exhibits a leukocyte elastase inhibitory activity. 




(B-1) 



wherein Q is an orthophenylene group optionally having a substituent 
such as a halogen, etc., X is an oxygen atom or a sulfur atom, A is -CO-, 
etc, L is a phenylene, a (C r C 6 ) alkanediyl, etc., and R 4 is an acylsulfon- 
amide, etc. 

Moreover, the following compound (a) is disclosed in Example 
2(63) of USP 5,017,910 (hereinafter, occasionally referred to as Ref. 
3). The chemical structure of said compound (a) is completely different 
from the chemical structure of the present compounds. However, said 
compound (a) should be noted because it has been most developed and 
studied as a water-soluble elastase inhibitor. 
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WwV /VK.^^COOH (a) 



DISCLUSORE OF INVENTION 

An object of the present invention is to provide a novel 
heterocyclic compound having a potent elastase inhibitory activity and 
an intermediate thereof. 

The present invention relates to a novel heterocyclic compound 
of the following formula (I-a), its ester, and a salt thereof. 

n o O R 3 K 
wherein * means that the carbon atom marked with * is an asymmetric 
carbon atom, 

A and B are the same or different and each is a lower alkylene 
group being optionally substituted by an oxo group, 

D is a heteromonocyclic or heterobicyclic group of the following 
formula: 

wherein D l is a methylene group or an ethylene group, arid these 
groups may optionally be substituted by an oxo group, Ring G is a 5- to 
14-membered, saturated or unsaturated, heteromonocyclic or 
heterobicyclic group optionally having other heteroatoms s lected from 
a nitrogen atom, an oxygen atom and/or a sulfur atom, and said 
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heterocyclic group being optionally substituted by a substituent T 1 , i 



in 



which T 1 is the same or different 1 to 3 groups selected from 

(i) an oxo group, 

(ii) a substituted or unsubstituted lower alkyl group, 

(iii) a substituted or unsubstituted amino group, 

(iv) a substituted or unsubstituted carbamoyl group, 

(v) a carboxyl group or a lower alkoxycarbonyl group, 

(vi) a phenyl group being optionally substituted by a halogen 
atom, a lower alkoxy group or a lower alkyl group, arid 

(vii) a substituted or unsubstituted lower alkylcarbpnyl group, 
R 1 and R a are the same or different and each is a lower alkyl 

group, 

R 3 and R 4 are different from each other, and each is a hydrogen 
atom or a hydroxy group, or both combine together to form an oxo 
group, 

R s is a group of the formula: 



wherein X 1 and X 2 are a halogen atom, Y 1 is a hydrogen atom, a halogen 



an aralkylaminocarbonyl group, an aralkyloxycarbonyl group, a lower 



wherein U is an oxygen atom r a sulfur atom, Q is a vinylene group or 



— <C)„— (CH 2 ) m -Y 1 




atom, a lower alkoxycarbonyl group, a lower alkylaminocarbonyl group, 
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an orthophenylene group being ptionally substituted by T 2 , T 2 is 1 to 3 
groups selected from a halogen-substituted or unsubstituted lower alkyl 
group, a lower alkoxy group, a lower alkylsulfonyl group, a lower 
alkylcarbonyloxy group and an amino group being optionally 
substituted by a lower alkyl group, 

n is 0, 1 or 2, and 

m is an integer of 0 to 5. 

Hereinafter, the present compounds (I-a) are explained in more 

detail. 

Among the compounds of the above formula (I-a), the compound 
(I-a) wherein R 3 and R 4 combine together to form an oxo group 
(hereinafter, occasionally referred to the ketone compound) exhibits an 
excellent elastase inhibitory activity. The partial structure of the 
formula (I-a) represented by HOOC-A-D-B- greatly contributes so that to 
exhibit such excellent properties of the present compound (I-a). In 
addition, the present compounds can be distinguished from the above 
mentioned known compounds in this specific partial structure. 

Therefore, the primary characteristic of the chemical structure of 
the present compounds (I-a) is the above-mentioned specific partial 
structure. The secondary characteristic of the chemical structure of 
the present compounds (I-a) is a combination of the above-mentioned 
specific partial structure and the rest of the structure. 

Among the compounds of the above formula (I-a), the compound 
(I-a) wherein R 3 and R 4 are different from each other and each is a 
hydrogen atom or a hydroxy group (hereinafter, referred to the OH 
compound) is useful as an intermediate for directly preparing the above 
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compound (the ketone compound) which is an lastase inhibitor. 

The definition for each substituent is explained below. 

The term "lower" means that a group accompanied by this term 
is a group having 1 to 5 carbon atoms, preferably 1 to 4 carbon atoms, 
unless otherwise specified. Therefore, the "lower alkyl group" is a 
straight chain or branched chain hydrocarbon having 1 to 5 carbon 
atoms, such as methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, pentyl, 
etc. The "lower alkylene group" is a group wherein one hydrogen atom 
is removed from the above-mentioned lower alkyl group. The "lower 
alkoxy group" is a lower alkyloxy group wherein the lower alkyl moiety 
is the above-mentioned lower alkyl group, such as methoxy, ethoxy, 
butoxy, etc. 

The "lower alkylene group being optionally substituted by an oxo 
group" for A and B is a lower alkylene group such as methylene, 
ethylene, propylene, etc., or a lower alkylene group being substituted by 
an oxo group such as a group of the formula: -CH 2 CO- or a malonyl 
group of the formula: -COCH 2 CO-, and methylene is preferable. 

D of the above formula (I-a) is defined above, but will be 
explained in more detail. 

D is the above-mentioned heteromonocyclic or heterobicyclic 
group, and the heteromonocyclic group is more preferable. In addition, 
the number of the other heteroatoms within the ring such as a nitrogen 
atom, an oxygen atom or a sulfur atom is 3 or less when Ring G is a 
monocyclic group, and when Ring G is a bicyclic group, then the 
number of the other heteroatoms within the ring is 5 or less. The size 
of the ring is not specified, but when the ring is a monocyclic group, 
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then it is usually a 4- to 9-membered ring, preferably a 5- or 6- 
membered ring. When the ring is a bicyclic group, then the ring 
condensed with the ring containing -N-D ! -N- is usually a 5- or 6- 
membered ring. These heterocyclic groups may be either saturated or 
unsaturated one. 

Among the substituents T 1 of Ring G, the substituted lower alkyl 
group is a lower alkyl group having 1 or more substituents selected 
from an amino group, a lower alkylamino group, a carboxyl group, a 
phenyl group or phenylamino group (these phenyl moieties may be 
optionally substituted by a halogen atom, a lower alkoxy group or a 
lower alkyl group) and a lower alkylcarbonyl group; the substituted 
amino group is an amino group being substituted by 1 or 2 groups 
selected from a lower alkyl group, a phenyl group (said phenyl group 
being optionally substituted by a halogen atom, a lower alkoxy group or 
a lower alkyl group) and a lower alkylcarbonyl group; the substituted 
carbamoyl group is a carbamoyl group wherein the amino moiety has 1 
or 2 substituents selected from a lower alkyl group, a phenyl group 
(said phenyl group being optionally substituted by a halogen atom, a 
lower alkoxy group or a lower alkyl group) and a lower alkylcarbonyl 
group; the substituted lower alkylcarbonyl group is a lower alkyl- 
carbonyl group wherein the lower alkyl moiety has one or more 
substituents selected from an amino group, a lower alkylamino group, a 
carboxyl group, a phenyl group (said phenyl group being optionally 
substituted by a halogen atom, a lower alkoxy group, or a lower alkyl 
group) and a lower alkylcarbonyl group. 

The suitable substituent T 1 of Ring G is, for example, an oxo 
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group, a lower alkyl group, an amino-lower alkyl group, a mono- or di- 
lower alkylamino-lower alkyl group, a phenyl-lower alkyl group, a 
phenylamino-lower alkyl group, a carboxy- lower alkyl group, an amino 
group, a mono- or di-lower alkylamino group, a phenylamino group, a 
phenyl group, a lower alkylphenyl group, a carboxyl group, a carbamoyl 
group, a mono- or di-lower alkylcarbamoyl group, etc. The phenyl 
group as mentioned herein may be substituted by a halogen atom, a 
lower alkoxy group or a lower alkyl group. 

The preferable groups of the formula: -A-D-B- are groups of the 
following formula: 

— A— NL — B— 
D 1 

wherein A, B and D 1 are as defined above, Ring G* is the same 
heteromonocyclic groups for Ring G as mentioned above. That is, Ring 
G' is a 5- to 9-membered, preferably a 5- or 6-membered, saturated or 
unsaturated heteromonocyclic group having optionally other 1 to 3 
heteroatoms. selected from a nitrogen atom, an oxygen atom and/ or a 
sulfur atom, and said heteromonocyclic group may have 1 to 3 same 
substituents T 1 as mentioned above. 

Moreover, the preferable groups of the formula: -A-D-B- are 
groups of the following formula: 

D 2 — D 3 

— A 1 — — B — 
D 

wherein A 1 is a methylene group or a group of the formula: -CH a CO-, B l 
is a methylene group or a group of the formula: -COCH a -, D a and D 3 are 



* 
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the same or different and each is a vinylene group being optionally 
substituted by a lower alkyl group, or a methylene group being 
optionally substituted by an oxo group or a lower alkyl group, D 1 is the 
same as defined above, provided that both D 2 and D 3 should not 
simultaneously be a vinylene group being optionally substituted by a 
lower alkyl group. 

Next, the groups of the formula: HOOC-A-D-B- are exemplified 
below. Among them, the groups of (1) to (6), especially the groups of (1) 
and (2) are preferable. 



(1) HOOC^lO'vX' 



(4) HOOC^ 



8 

Y 



(2) HOOC^JCX^ 

b 

(5) HOOC^'^O^^ 



(3) HOOC^I 



(6) HOOC^M^N^ 
(9) HOOC s JkxlisX' 



(10) HOOC^^N^ (11) HOOC^N^N^ 

(14) HOOC^iC^^ 




(13) HOOC^ 



(16) 



HOOC^i 




(12) HOOC^ 



(15) HOOC^M^kxi^ 



(17) HOCX^N^N^/ 
3 



As the "lower alkyl group" for R 1 and R a , an isopropyl group is 
most preferable, and methyl, ethyl, propyl, butyl, sec-butyl, tert-butyl, 
2-met 



iprciciauic, cuiv* »> f — fj -» j -j j • » • 

ethylbutyl, etc. can be exemplified. In addition, the carbon atom to 
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which R 1 and R a bond is an asymmetric carbon atom. 

R 5 may be any groups within the scope of the above formula, for 
example, a lower alkylcarbonyl group such as n-butylcarbonyl group; 
an aralkylcarbonyl group such as benzylcarbonyl group; a lower 
alkoxycarbonyl group such as methoxycarbonyl group or n-propyloxy- 
carbonyl group; an aralkyloxycarbonyl group such as benzyloxycarbonyl 
group; a lower alkylcarbonyldifluoromethyl group such as n- 
propylcarbonyldifluoromethyl group; an aralkylcarbonyldifluoromethyl 
group such as benzylcarbonyldifluoromethyl jgroup; a lower alkyloxy- 
carbonyldifluoromethyl group such as n-propyloxycarbonyldifluoro- 
methyl group; an aralkyloxycarbonyldifluoromethyl group such as 
benzylo5tycarbonyldifluoromethyl group; a lower alkylaminocarbonyl- 
diflubromethyl group such as n-propylaminocarbonyldifluoromethyl 
group; an aralkylaminocarbonyldifluoromethyl group such as benzyl- 
aminocarbonyldifluoromethyl group; a lower alkylaminocarbonyl group 
such as n-propylaminocarbonyl group; an aralkylaminocarbonyl group 
such as benzylaminocarbonyl group; a halogeno-lower alkyl group such 
as trifluoromethyl group or monochloromethyl group; a hydrogen atom; 
a substituted or unsubstituted, heteromonocyclic or heterobicyclic 
group containing a nitrogen atom and an oxygen atom or a sulfur atom 
such as a substituted or unsubstituted benzoxazolyl group. Especially 
preferable group for R 5 is a trifluoromethyl group, a benzoxazolyl group 
or a benzylaminocarbonyl group. 

As mentioned above, a compound having an elastase inhibitory 
activity is the compound wherein R 3 and R 4 combine together t form an 
oxo group, i.e., the ketone compound, and the compound wherein one 
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of R 3 and R 4 is a hydrogen atom, and the other is a hydroxy group* i.e., 
the OH compound, is an intermediate for directly preparing the ketone 
compound. That is, among the present compounds (I-a), the 
compound having an elastase inhibitory activity is a ketone compound 
of the following formula (I-b). 



HOOC 




wherein A, B, D, R 1 , R 2 and R 5 are as defined above. 
From the viewpoint of the degree of the potency of elastase inhibitory 
activity and the solubility in an aqueous solvent, the present 
compounds being more suitable for an elastase inhibitor are 
compounds of the following formula (I -c) and a pharmaceutical^ 
acceptable salt thereof. 



HOOC 




wherein A 1 , B\ D 1 , D 2 , D 3 and R 5 are as defined above, provided that 
both D 2 and D 3 should not simultaneously be a vinylene group being 
optionally substituted by a lower alkyl group. 

Among the compounds of the above formula (I-c), preferable 
compounds are the following compounds and a pharmaceutically 
acceptable salt thereof. Most especially, Compound 1 and Compound 
2 and a pharmaceutically acceptable salt thereof are especially 
preferable. 
Compound 1: 
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2-(3-carboxymethyl-2-ox - l-imidazolidinyl)acetyl-L-valyl-N-[(l S)- 
3,3,3-trifluoro-l-isopropyl-2-oxopropyl]-L-prolinamide; 
Compound 2: 

2-(3-carboxymethyl-2,4-oUoxo-l-pyrimidinyl)acetyl-I^valyl-N-[(lS)-2- 
(2-benzoxazolyl)- l-isopropyl-2-oxoethyl]-L-prolinamide; 
Compound 3: 

2 - (4-carboxymethyl-2 ,3-dioxo- 1 -piperazinyl)acetyl-L- valyl-N- [( 1 S)-2- 
(2-benzoxazolyl)-l-isopropylT2-oxoethyl]-L-prolinamide; 
Compound 4: 

2-(3-wboxymethyl-2,4-dioxo-l-pyriinidmyl)acetyl-l^valyl-N-[(lS)-3- 
benzylamino- 1 -isopropyl-2,3-dioxopropyl]-L-prolinamide, 
Compound 5: 

2-(4-carboxymethyl-2,5-dioxo-l-piperazinyl)acetyl-L-valyl-N-((lSj-2- 
(2-benzoxazolyl)-l-isopropyl-2-oxoethyl]-L-prolinamide; 
Compound 6: 

2-(3-carboxymethyl-2,5-dioxo-l-imidazolidinyl)acetyl-L-valyl-N-I(lS)- 
3,3,3-trifluoro- 1 -isopropyl-2-oxopropyl]-L-prolinamide; 
Compound 7: 

[[4-(2-carboxyacetyl)-l-piperazinyl]malonyl]-L-valyl-N-[(lS)-2-(2- 
benzoxazolyl)- 1 -isopropyl-2-oxoethyl]-I^prolinamide 

In addition to the above compounds, as a compound included 
within the scope of the formula (I-a), ones disclosed in Experiments and 
Examples as mentioned below can be exemplified, and further the 
following compounds, their esters, and salts thereof are also 
exemplified. 

2-(3-carboxymethyl-2-oxo- 1 -imidazolidinyl)aceryl-L-valyl-N-[( lS)-(3- 



CA 02362911 2001-08-10 



14 

butyl- 1 -isopropyl-2,3-dioxopropyl)]-L-prolinamide; 

2-(3-carboxymethyl-2-oxo-l-imidazri^ 

benzyl- 1 -isopropyl-2,3-dioxopropyl)]-Lrprolinainide; 

2-(3-carboxymethyl-2 , 4-dioxo- 1 -pyrimidinyl)acetyl-L-valyl-N-[(lS)-(3- 

propoxy- l-isopropyl-2,3-dioxopropyl)]-L-prolinamide; 

2-(3-carboxymethyl-2-oxo-l-imidazolidinyl)acetyl-L-valyl-N-[^ 

benzyloxy- l-isopropyl-2,3-dioxoprbpyl)]-L-prolinainide; 

2-(3-carboxymethyl-2-oxo-l-imidazolidinyl)acetyl-L-valyl^ 

difluoro-4-butyl- 1 -isopropyl-2,4-dioxobutyl)]-L-prolinamide; 

2-(4-carboxymethyl-2,5-dioxo-l-p^^ 

difluoro-4-benzyl- 1 -isopropyl-2,4-dioxobutyl)]-L- prolinamide; 
2-(3-carboxymethyl-2,4-dioxo- 1 -pyrimidinyl)acetyl-L-valyl-N-[(lS)-(3,3- 
dinuoro-4-propo^-l-isopropyl-2,4-dioxobutyl)]-L-prolinanude; 
2-(3-carboxymethyl-2,5-dioxo- 1 -imidazolidinyl)acetyl-L-valyl-N-[(lS)- 
(3,3-difluoro-4-benzyloxy- 1 -isopropyl-2,4-dioxobutyl)]-L-prolinamide; 
2-(3-carboxymethyl-2-oxo-l-imida^ 

difluoro-4-propylamino- l-isopropyl-2,4-dioxobutyl)]-L-prolinamide; 
2-(3-carboxymethyl-2,5-dioxo-l-in^^ 

(3,3-difluoro-4-benzylamino- 1 -isopropyl-2,4-dioxobutyl)]-L-prolinamide; 
2-(3-carboxymethyl-2,5-dioxo- 1 -imidazolidinyl)acetyl-L-valyl-N-[( 1 S)-(l - 
isopropyl-2-oxoethyl)]-L-prolinamide; 

2-(3-carbo>grmethyl-2,5-dioxo- 1 -imida2olidinyl)acetyl-L-valyl-N-[(lS)-(3- 
chloro- 1 -isopropyl-2-oxopropyl)]-L-prolinamide; 
2-(3,4-biscarboxymethyl-2,5-dioxo- 1 -imidazolidinyl)acetyl-Lr-valyl-N- 
[(lS)-(3,3,3-trifluoro-l-isopropyl-2-oxopropyl)]-L-prolinamide; 
2-(3-benzyl-4-carboxymethyl-2,5-dioxo- 1 -piperazinyl)acetyl-L-valyl-N- 
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[( 1 S)-(3,3 ,3-trifluoro- 1 -isopropyl-2-oxopropyl)]-L-prolinamide; 
2-(5-ammo-3-c^boxymethyl-2,4,6-trioxo-l-p 
[(lS)-(3,3,3-trifluon>-l-isopropyl-2-oxopropyl)]-L-prolinamide; 
2-(3-carboxymethyl-6-diethylamino-2,4-dioxo-l^ 
vatyl-N-[(lS)-(3,3,3-trifluoro-l-isbpropyl-2-oxopropyl)]-I^prolinamide; 
2-(5-amino-3-carboxymethyl-2,4,6-trioxo-l-pyrimidinyl)acetyl-L-valyl-N- 
[( 1 S) -(3,3,3-trifluoro- 1 -isopropyl-2-oxopropyl)]-L-prolinamide; 
2-(3-carboxymethyl-4-phenylamino-2,6-dioxo- 1 -pyrimidinyl)acetyl-L- 
valyl-N-[( 1 S)-(3,3,3-trifluoro- 1 -isopropyl-2-oxopropyl)]-L-prolinamide; 
2 (5-aminomethyl-3-carboxymethyl-2,6-dioxo- 1 -pyrimidinyl)acetyl-L- 
valyl-N-[(lS)-(3,3,3-trifluoro-l-isopropyl-2-oxopropyl)]-L-prolinamide; 
2-(3-carboxymethyl-5-(dimethylaminomethyl)-2,6-dioxo- 1-pyrimidinyl)- 
acetyl-L-valyl-N-[(lS)-(3,3,3-trifluoro-l-isopropyl-2-oxopropyl)]-I^prolin- 

amide; 

2-(3-carboxymethyl-5-phenylaminomethyl-2,6-dioxo- 1 -pyrimidinylj- 
acetyl-I^vatyl-N-[(lS)-(3,3,3-trifluoro-l-isopropyl-2-oxopropyl)]-I^prolinT 

amide; 

2-(4-carboxy-3-carboxymethyl-2,6-dioxo- 1 -pyrimidinyl)acetyl-L-valyl-N- 

[(lS)-(3,3,3-trifluoro-l-isopropyl-2-oxopropyl)]-L-prolinamide; 

2-(3,4-biscarboxymethyl-2,6-diaxo-l-pyri^ 

(3,3,3-trifluoro- l-isopropyl-2-oxopropyl)]-L-prolinamide; 

2-[3-carboxymethyl-4-(4-methylphenyl)-4-phehyl-2-oxo- 1 -imidazolidin- 

yl]acetyl-L-yalyl-N-[(liS)-(3,3,3-trifluoro-l-isopropyl-2-oxopropyl)l-L- 

prolinamide; 

2-(4-carboxymethyl-2-phenyl-3,9-dioxo- 1 ,4-benzodiazepin- l-yl)acetyl-L- 
valyl-N- [( 1 S) -(3,3 ,3-trifluoro- 1 -isopropyl-2-oxopropyl)]-L-prolinamide; 
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2-[3-carboxymethyl-4-(N,N-dimethylcarba^ 

L-valyl-N-[( 1 S)-(3,3,3-trifluoro- 1 -isopropyl-2-oxopropyl)]-L-prolinamide; 
4-(3 -carbo3Qrmethyl-2-oxo- 1 -imidazolidinyl)isovalelyl-L-valyl-N-[( 1 S)- 

(3,3,3-trifluoro- 1 -isopropylr2-oxopropyl)]-L-prolinamide; 
2-(3-carboxymethyl-2-oxo- 1 -benzimida2X)lidinyl)acetyl-L-valyl-N-[( 1S)- 
(3,3,3-trilluoro- 1 -isopropyl-2-oxopropyl)]-L-prolinamide. 

The ester of the present compound (I-a) may be any one having a 
conventional ester residue, for example, a lower alkyl ester such as 
methyl ester, ethyl ester, propyl ester, tert-butyl ester; a lower alkoxy- 
lower alkyl ester such as methoxymethyl ester; an aralkyloxy-lower 
alkyl ester such as benzyloxymethyl ester; a benzyl ester; a lower alkyl 
ester being substituted by a monovalent 5- or 6-mebered, saturated or 
unsaturated monocyclic group having optionally 1 or 2 heteroatoms 
such as pyridylmethyl ester, 2-morpholinylmethyl ester, 3-furylmethyl 
ester; a phenyl ester being optionally substituted by a halogen atom, a 
lower alkyl group, a lower alkoxy group, a nitro group, a lower alkyl- 
amino group and/ or a lower alkoxycarbonyl group. 

The salt of the present compound (I-a) is not necessarily 
specified, but preferably a pharmaceutically acceptable salt, for example, 
a salt with an organic base such as trimethylamine, triethylamine, N- 
methylmorpholine; and a salt with an inorganic metal such as sodium 
or potassium. In addition, some of the present compounds may form 
an acid addition salt. Such an acid addition salt may be a salt with an 
organic acid such as tartaric acid, fumaric acid, acetic acid, lactic acid, 
succinic acid, methanesulfonic acid, maleic acid, malpnic acid, gluconic 
acid, an amino acid such as aspartic acid, or a salt with an inorganic 
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acid such as hydrochloric acid, phosphoric acid, etc. 

The present compound (I-a) may occasionally exist in the form of 
a hydrate or a solvate. In addition, the present compound (I-a) may 
exist in the form of an optically active compound or a stereoisomer, or a 
mixture thereof, and the present invention includes all of these forms. 

The present invention also relates to a human neutrophilic 
elastase inhibitor containing as the active ingredient a water-soluble 
compound of the present invention. By the following Experiments, the 
inhibitory activity of the present compound against human neutrophilic 
elastase is illustrated below. 

EXPERIMENT 1 : Human neutrophilic elastase inhibitory activity 

In the present experiment, the inhibitory activity of the present 
invention against human neutrophilic elastase was studied in vitro. 

Human neutrophilic elastase (Sigma) was dissolved in a HEPES 
Buffer (133 mM, pH 7.5) containing 1.9 M sodium chloride, 0.38 % 
polyethylene glycol 6000 and 0.0019 % Bri j-35 at a final concentration 
of 1.9 mU/ml. The resulting solution (210 pi) was mixed with a 
10" 8 - 10 s M solution of the present compound (40 ul), and the mixture 
was pre-incubated at 37°C for 6 minutes. To this solution, 4 mM 
succinyl-alanyl-prolyl-alanine 4-methyl-coumaryl-7-amide (substrate 
solution, Peptide Institute Inc.) (50 ul) and distilled water (100 ul) were 
added, and the mixture was further reacted at 37°C for 20 minutes. 
The concentration of the 7-amino-4-methylcoumarine thus obtained 
was measured fluorimetrically by monitoring at an excitation wave 
length of 380 nm and a fluorescent wave length of 460 nm. 
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The above "Bri j-35" means polyoxyethylene (23) lauiyl ether, 
and the "HEPES 0 means N-(2-hydroxyethyl)pipera2ine«N -(2-ethane- 
sulfonic acid). 

The elastase inhibitory activity (inhibitory rate) was calculated 
5 according to the following equation, and the 50 % inhibitory 

concentration (IC^ value) was obtained from the concentration- 
inhibitory rate curve of the present compound. The results are shown 
in Table 1. 

In the following equation, A means the intensity of fluorescence 
10 when a present compound is added, and B means the intensity of 

fluorescence when a present compound is not added. 
INHIBITORY RATE (%) - (1 - A/B) X 100 
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Table 1 Elastase Inhibitory Activity 



Comp. 

WO. 


rooc-a-i>b^^^n^B-^ r5 


(uMl 


ROOC-A-D-B- 


R 5 


I-b-l 


HOOC N ^N s .N > ^ 
n 
O 


CF, 


0.010 


I-b-2 


o 


-CO 


0.024 


I-b-3 


HOOC^|l| Y ^ 

o 


O 


0.021 


1 W A 

I-D-4 


HOOC^N N. y 


-to. 




I-b-5 


Vn 

HOOC^N 




0.062 


I-b-7 


HOOC^N^N < 

O 


CF 3 


0.082 


I-b-8 


/ — V 

HOOCOT W 1^ 

o o 


-to 


0.067 


I-b-9 




-so 


0.027 


I-b-10 


°K 

HOOC^N^N^^ 
O 


-to 


0.045 
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(Continuation of Table 1) 



Comp. 

INO. 


rooc-a-[«^n^ n -Vn-V r5 

H O f J 


ic„ 


ROOC-A-D-B- 


R 5 


I-b-ll 


O 


COOCH3 


0.007 




HOOC^N^N^ 


n ^-^ 
0 


0.020 


I-b-13 


0 




0.042 


I-b-14 


^° 

O 




0.035 


I-b-15 


°rS 

O 




0.014 


I-b-16 


HOOC^NyN^ 
O 


-SO 


0.027 


I-b-17 


O 


-CO 




I-D-18 


O 


-GO ■ 


0.017 


I-b-19 


hooc^n,^, n " — 
0 




0.005 


I-b-20 


O 




0.033 
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(Continuation of Table 1) 



Comp. No. 
* 


H O <f I 


ICso 
IpM) 


ROOC-A-D-B- 


R s 


I-b-21 


Vf 

HOOC^N^N^ 


COOCH3 


0.006 


I-b-22 






0.043 


I-b-23 


HOOC^^N,,/ 

o 


CF S 


0.028 


Control (a) 


(H J ChcArOTtf^ a ^ !OOH 


0.017 


Control (b) 




1.0 



As is shown in Table 1, the concentration of the present 
invention to be required to achieve 50 % human neutrophilic elastase 
inhibition (i.e., IC^) is not more than 0.082 pM, and some of the 
present compounds showed an IC^ almost equal to that of the control 
compound (a). As mentioned before, the control compound (a) is 
disclosed in USP 5,017,610, Example 2 (63), and it is a human 
neutrophilic elastase inhibitor being under development, of which 
compound code has been known as ONO-5046. 

In addition, the inhibitory activities of the present invention 
against human neutrophilic elastase (ICgJ are much more potent than 
that of the control compound (b) as disclosed in Table 1. The control 
compound (b) is a novel compound, but it does not have a group of the 
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formula: HOOC-A-, and hence, it cannot be included within the scope of 
the formula (I-a). 

EXPERIMENT 2: Inhibitory activity on pulmonary hemorrhage induced 
by human neutrophilic elastase 

When human neutrophilic elastase is administered 
intratracheally to a hamster, the hemorrhage is induced in the lung. 
Hemoglobin is detected in the broncho-alveolar lavage fluid, which is 
obtained by washing the lung via bronchi at a fixed period after the 
elastase administration. In order to examine how much this 
hemorrhage can be inhibited by the present compound, this experiment 
was carried out by measuring the concentration of this hemoglobin. 

Hamsters (male Syrian strain, 8-10 weeks old) were grouped into 
the following three groups (5 animals per group), and the following 
treatment was carried but on each group. 

(A) Vehicle-treated control gr oup fnon-treatment group): 

Physiological saline solution (0.2 ml) was administered 
intratracheally to the hamsters, and one hour thereafter, the alveolus 
was bronchially washed five times with physiological saline solutions 
(each 2.5 ml), and then, the concentration of hemoglobin in the 
broncho-alveolar lavage fluid (12.5 ml) was measured by the absorbance 
at 4 14 nm. The result of the measurement was counted as A. 

(B ) Human neutrophilic elastase-treated group (without the present 
compound): 

Human neutrophilc elastase (25 units, manufactured by Elastin 
Products, Inc.) was dissolved in physiological saline solution (0.2 ml), 
and the solution thus obtained was administered to the hamsters at the 
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bronchial tube to induce the pulmonary hemorrhage. One hour after 
the administration of elastase, the concentration of hemoglobin in the 
broncho-alveolar lavage fluid was measured in the same manner as in 
Group (A). The result of the measurement was counted as B, 
(C) Human neutrophilic elastase- treated proup (w ith the present 
compound): 

A fixed amount of the present compound was administered to 
the hamsters in the form of a phosphate-buffered saline solution (pH 
7.4) in the manner as described below. Then, human neutrophilic 
elastase was administered to the hamsters in the same manner as the 
above. One hour after the administration of elastase, the 
concentration of hemoglobin in the washing of the broncho-alveolar 
lavage was measured in the same manner as in Group (A). The result 
of the measurement was counted as C. 
Administration method of the present compound: 

The administration of the present compound to the hamsters 
was carried out by two kinds of methods. One of them is a method of 
intravenous bolus-administration of the solution containing the present 
compound 5 minutes prior to the elastase administration. Another 
method is a method of intravenous infusion of the solution containing 
the present compound for a period of 70 minutes beginning at 10 
minutes prior to the elastase administration. 

Hemorrhage inhibitory rate (%) was calculated according to the 
following equation (average among 5 cases). In the equation, each A, B 
and C means the above meaning respectively, and the experiment data 
are shown in Table 2. 
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HEMORRHAGE INHIBITORY RATE (%) = [1 - (C-A)/(B-A)] X 100 



Table 2 Elastase-induced pulmonary hemorrhage inhibitory activity 



Comp. No. 


Intravenous bolus 
administration 


Intravenous-infusion 


Dose (mg/kg) 


Dose (mg/kg/hr) 


(30) 


(10) 


(3) 


(10) 


(3) 


(1) 


I-b-1 




97 


61 


94 


71 


54 


I-b-2 


Q7 


66 


24 


93 


62 


50 


I-b-3 




77 


20 


90 


78 


32 


I-b-4 




88 


57 


95 


76 


41 


I-b-5 




67 


20 


90 


73 


55 


I-b-7 




64 


50 


72 


53 


51 


I-b-8 




78 


63 




69 


33 


I-b-9 




48 










I-b-10 




76 


32 


92 


69 


52 


I-b-1 1 




93 


61 


94 


43 


32 


I-b-12 




99 


70 


89 


47 


31 


I-b-13 


91 


67 


32 


78 


44 




I-b-14 


81 


72 


37 


53 


57 


39 


Control (a) 


(200) 


(100) 


(30) 


(100) 


(30) 


(10) 


99 


74 


28 


60 


43 


18 



The figures in Table indicate hemorrhage inhibitory rates (%). 
However, the figures in parentheses indicate dosages. 



As is shown in Table 2, the human neutrophilic elastase-induced 
pulmonary hemorrhage inhibitory activity of the present compounds is 
far higher than that of the control compound (a). 
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EXPERIMENT 3: Acute toxicity test in mice 

The present compound was dissolved in phosphate buffered 
physiological saline solution (pH 7.4), and the solution was injected to 
7-weeks old male Std:ddy mice (6 animals per group) at the tail vein. 
Twenty-four hours after the administration, the animals were observed 
if dead or alive. The results thereof are shown in Table 3. 



Table 3 Acute Toxicity 



Comp. No. 


Dose of intravenous 
administration 
(mg/kg) 


Lhrability * 


I-b-1 


300 


6/6 


I-b-2 


300 


6/6 


1-1*3 


300 


6/6 



*: Number of survived animals/ number of tested animals 
EXPERIMENT 4: Solubility in aqueous solvent 

The solubility in an aqueous solvent of the present compound 
was measured, and the results as shown in Table 4 were obtained. 
The pH value in Table 4 is a pH value of a solution of the present 
compound in distilled water. 



Table 4 Solubility (25°C) 



Comp. No. 


Solubility (mg/ml) 


0.1 M Phosphate buffer (pH 7.4) 


Water 


I-b-1 


>1000 


>1000(pH2.3) 


I-b-2 


MOO 


5.0(pH2.8j 


I-b-3 


>100 


8.7 (pH2.6) 


Control (a) 


about 20 


0.012 (pH4.7) 



As is shown in Table 4, the solubilities in aqueous solvent of the 
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present compounds are more than 100 mg/ml, which are more than 
that of the control compound (a). 

From the results of the above Experiments, the present 
compound is an excellent water-soluble elastase inhibitor, and is useful 
in the treatment of various diseases, especially acute pulmonary 
diseases. 

The dosage of the present compounds varies according to the 
routes of the administration, conditions and ages of the patients, but it 
is usually in the range of about 2 to 5000 mg/60 kg of body weight/ day, 
preferably in the range of about 10 to 2000 mg/60 kg of body 
weight/day, especially preferably in the range of 30 to 1500 mg/60 kg 
of body weight/ day. The present compounds may be administered 
orally, but preferably administered parentally, especially 
intravenously. 

The present compound may be administered in the form of a 
conventional pharmaceutical preparation, and these preparations may 
be prepared by mixing the present compound with a conventional 
pharmaceutically acceptable carrier or diluent. For example, the 
pharmaceutical^ acceptable carrier or diluent for a liquid preparation 
for parental administration includes essentially vehicles such as water, 
physiological saline solution, and in addition thereto, includes 
optionally other auxiliary agents such as isotonic agents, anesthetic 
agents, pH adjusting agents, buffering agents, preservatives, etc. 

Liquid preparation such as injection may be prepared by 
dissolving the present compound in a vehicle such as a physiol gical 
saline solution for injection, and if necessary, followed by mixing oth r 



CA 02362911 2001-08-10 



27 

auxiliary agents before or after the dissolution of the present 
compound, Lyophilized preparations may be prepared by lyophilizing 
such a liquid preparation, and it is re-dissolved when used. 

In addition, the present invention relates to the compound of the 
formula (II) or a salt thereof. 

ROOC— A-N N ^N-B— COW (II) 

wherein A, B, D l , D 2 and D 3 are as defined above, R is a protecting 
group for carboxyl group, W is a hydroxy group, a halogen atom or an 
active carboxylic acid ester such as a lower alkylcarbonyloxy group, 
provided that one of A, B, D 1 , D 2 and D 3 is a group being substituted by 
an oxo group, and that both D 2 and D 3 should not simultaneously be a 
vinylene group being optionally substituted by a lower alkyl group. 

The processes for preparing the present compounds (I-a) and (II) 
are explained below* 

The structure of the present compound (I-a) is a tripeptide 
derivative wherein two amino acids bond to one proline at each end 
thereof. Therefore, the present compound (I-a) may be prepared mainly 
by amidation reaction. 

For example, the present compounds (I-a) and (II) may be 
prepared by the following reaction scheme (Reaction Scheme 1) as 
mentioned below. 

The protecting group R for carboxyl group in Reaction Scheme 1 
may be any one that does not disturb the desired main reaction and can 
be easily removed without breaking the other partial structure when 
desired. The protecting group R for carboxyl group can b classified 
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into two categories in terms of the methods for removal thereof. One of 
the methods for removal thereof is acid-base decomposition, and the 
other one is hydrogenolysis. The protecting group for carboxyl group 
being able to be removed by acid-base decomposition is, for example, 
5 methyl, ethyl, tert-butyl, triryl, methoxymethyl, benzyl, phenyl, 

phenacyl, etc., and the protecting group for carboxyl group being able to 
be removed by hydrogenolysis is, for example, benzyl, trityl, bemyloxy- 
methyl, etc. 

Although W in Reaction Scheme 1 is as explained above, W is 
.0 preferably a hydroxy group or a halogen atom, X 3 is a halogen atom, 
and other symbols are as defined above. 
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Reaction Scheme 1 

PV) ROOOA-X* H "S,- NH m 

' I ' 

X Step 1 

(V) ROOC-A— N^NH X^B-COOR (VI) 

L ; : I 



Step 2 




R00/V\00R <VII) 
Step 3 



ROOC' > D / ^COW 



A>_A— ... (II') 



^ Step 4 



" O O nit 



(l-d) 




o 

In the above Reaction Scheme 1, Step 1 is a step of reacting the 
known compounds (III) and (IV) to give the compound (V). This step is 
carried out by mixing with stirring two starting compounds in the 
presence of a base such as sodium hydride, lithium tert-butoxid , etc., 
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in a solvent such as anhydrous dimethylformamide. This step is 
carried out at a temperature of from 0 to 45°C for 0.5 to 20 hours. 

Step 2 is a step of reacting the compound (V) obtained in Step 1 
with the compound (VI) to give the compound (VII). This reaction is 
carried out in the same manner as in Step 1. In this step, the 
protecting group R for carboxyl group in the compound (VI) may be the 
same ones as that in the compound (IV), but preferably different ones. 
For example, when one of the protecting groups is one to be 
decomposed with acid-base such as tert-butyl group, then the other 
should be one to be decomposed by hydrogenolysis such as benzyl 
group. 

The compound (VII) thus obtained can be used as a starting 
compound in Step 3, Step 3 is carried out by removing the protecting 
group R for carboxyl group binding to B in the compound (VII) to give 
the compound (110 wherein W is a hydroxy group, and then if necessary, 
followed by converting it into a halogen atom, etc. 

The acid-base decomposition, which is one of the methods for 
removing a protecting group R for carboxyl group, is carried out by 
contacting the above compound (VII) with an acid or a base at -30 to 
100°C, preferably at a temperature of from 0°C to room temperature in 
a solvent. The acid includes, for example, trifluoroacetic acid, hydro- 
chloric acid, hydrobromic acid, sulfuric acid, acetic acid, etc., and the 
base includes, for example, sodium hydroxide, potassium hydroxide, 
etc. The solvent may be water, ethanol, methylene chloride, ethyl 
acetate, tetrahydrofuran, benzene, toluene, or a mixture of these 
solvents. 
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The removal of a protecting group R for carboxyl group by 
hydrogenolysis is preferably carried out by treating the compound (VII) 
with a hydrogen gas in the presence of a catalyst in a solvent. The 
catalyst includes, for example, platinum, palladium, Raney-nickel, etc., 
and the solvent may be ethyl acetate, ethanol, etc. This 
hydrogenolysis is carried out at a temperature of about 60°C or below, 
usually at room temperature. 

When the compound (III wherein W is a hydroxy group is 
obtained by the removal of the protecting group for carboxyl group, then 
this hydroxy group is easily converted into another active group or a 
halogen atom, if necessary. 

The compound (II') thus obtained is used as a starting 
compound in Step 4. 

Step 4 is a step of combining the compound (11*) and the 
compound (VIII) via an amide-bond to give the present compound (I- 
d). That is, this Step is carried out by a conventional method for 
peptide production. For example, Step 4 is carried out by mixing with 
stirring the compound (HO and the compound (VIII) in thie presence or 
absence of a base such as triethylamine in a solvent such as methylene 
chloride or dimethylformamide or without a solvent. When W of the 
compound (II 1 ) is a hydroxyl group, this Step 4 is preferably carried out 
in the presence of a condensing agent such as l-ethyl-3-(3-dimethyl- 
aminopropyl)carbodiimide, N^-dicyclohexylcariDodiimide, 1,1- 
carbonyldiimidazole, N,N'-disuccinimidyl carbonate, etc. When W is a 
hydroxy group, this step may be carried out by reacting the compound 
(II*) with ethyl chloroformate in the presence of a tertiary amine such as 
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triethylamine, N-methylmorpholine, preferably N-methylmorpholine, 
and then further reacting the resultant with the compound (VIII). 

Most of the compounds (VIII) are known compounds, and a 
compound (VIII) which is not known may be prepared by the method 
disclosed in Example 6 or 7 as described below or a modified method 
thereof. 

The present compound (I-d) (OH-compound) thus obtained is a 
novel compound, and can be used as a direct starting compound in the 
preparation of the present compound (I-b) (ketone compound) which is 
useful as an elastase inhibitor. Step 5 is a step of oxidizing the 
hydroxy group of the compound (I-d), and then if necessary removing 
the protecting group for carboxyl group by a method as explained 
above. The oxidation reaction of this step is carried out by treating the 
compound (I-d) with an oxidizing agent in a solvent such as methylene 
chloride, dimethylformamide, tetrahydrofuran, ethyl acetate, toluene, 
etc. 

The oxidizing agent includes a Dess-Martin reagent, which is a 
iodobenzene derivative. Besides, oxidation with phosphorus pentoxide 
in the presence of dimethylsulfoxide, oxidation with l-ethyl-3-(3- 
dimethylaminopropylJcarbodiimide-ClaCHCOOH in the presence of 
dimethylsulfoxide, and oxidation with a combination of oxalyl chloride 
and triethylamine (Swern oxidation) are also applicable. 

Throughout all of the steps, when a free amino group or carboxyl 
group exists in the D-moiety, it is preferable to protect these groups 
with a conventional protecting group, if necessary, and then to remove 
said protecting group at an appropriate step. 
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When the present compound thus obtained is an ester 
compound, it can be converted into a carboxylic acid compound, or 
when the present compound is a carboxylic acid compound, then it can 
be converted into an ester compound, or can be converted into a salt 
thereof. In addition, when the present compound is in the form of 
various isomers, then these isomers can be separated by a conventional 
method. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be illustrated in more detail by 
Examples. 

In Examples described below, the following abbreviations having 
the following meanings are occasionally used. 
t-Bu: tert-butyl group 

Bn: benzyl group 

LSIMS: Liquid secondaiy ion mass spectrometry 

*H-NMR: * Proton nuclear magnetic resonance 

APCIMS (or APCI-MS): Atmospheric pressure chemical ionization 

mass spectrometry 

IR: Infrared spectrophotometry 

Example 1 : Preparation of Compound (VII) (Steps 1 and 2) 

I — \ tBuOOC. l~\ y COOtBu 

HNL NH N V N 

Y I 

To anhydrous dimethylformamide (10 ml) containing 2-oxo- 
imidazolidine (0.30 g) and tert-butyl bromoacetate (1.50 g) are added 
lithium tert-butoxide (0.60 g) under ice-cooling, and the mixture is 
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stirred at the same temperature for 30 minutes, and then, stirred at 
room temperature for one hour. The reaction solution is poured into 
ice, and the precipitated crystals are washed with water and air-dried. 
Crude crystals thus obtained are recrystallized from ethyl acetate to 
give the desired l,3-bis(tert-butbxycarbonylmethyl)-2-oxoimidazoUdine 
(0.86 g) as white crystals. 

M.p. 100- 102°C 

LSIMS (m/z): 315 [(M+H)*] 

>H-NMR (300 MHz, CDC1 3 , 6): 1.46 (18H, s), 3.54 (4H, s), 3.89 
(4H, s) 

Exam ple 2: Preparation of Compound (VII) (Steps 1 and 2) 
8tep 1: Preparation of Compound (V) 




COOBn 



To anhydrous dimethylformamide solution (10 ml) containing 
2,4-dioxopyrimidine (1.0 g) are added benzyl bromoacetate (2.5 g) and 
potassium carbonate (2.5 g), and the mixture is stirred at room 
temperature for 15 hours. The reaction solution is poured into water, 
and the mixture is extracted with ethyl acetate. The extract is washed 
with a saturated brine, and dried over anhydrous magnesium sulfate. 
The solvent is removed by evaporation under reduced pressure, and the 
precipitated crystals are washed with diethyl ether to give the desired 1- 
benzyloxycarbonylmethyl-2,4-dioxopyrimidine (1.4 g) as colorless 

crystals. 

M.p. 192-194°C 

LSIMS (m/z): 261 ((M+H)*] 
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»H-NMR (300MHz, d^-DMSO, 6): 4.59 (2H, s), 5.20 (2H, s), 5.62 
(1H, d), 7.37 (5H, m), 7.65 (1H, d), 11.4 (1H, s) 
Step 2: Preparation of Compound (VII) 

T T 
o o 

To anhydrous dimethylformamide (10 ml) containing the 
compound (1.0 g) obtained in the above step is gradually added sodium 
hydride (purity; 60 %, 0.18 g) under ice-cooling, and the mixture is 
stirred under ice-cooling for i5 minutes. To the mixture is added tert- 
butyl bromoacetate (0.9 g), and the mixture is stirred at room 
temperature for one hour. Saturated aqueous ammonia chloride 
solution is added to the reaction mixture, and the mixture is extracted 
with ethyl acetate. The extract is washed with a saturated brine, dried 
over anhydrous magnesium sulfate, and the solvent is removed by 
evaporation under reduced pressure. The residue is purified by silica 
gel column chromatography [solvent; n-hexane:ethyl acetate (2:1)] to 
give the desired l-benzyloxycarbonylmethyl-3-tert-butoxycarbonyl- 
methyl-2,4-dioxopyrimidine (1.2 g) as colorless oil. 
LSIMS (m/z): 375 [(M+H) + ] 

l H-NMR (300MHz, CDC1 3 , 6): 1.46 (9H, s), 4.51 (2H, s), 4.58 (2H, 
s), 5.21 (2H, s), 5.81 (1H, d), 7.10 (1H, d), 7.36 (5H, m) 

Example 3: Preparation of Compound (II) (Step 3) 

tBuOOa /^V .COOtBu _ ^ tBuOOC. JT\ fiOOH 

Y T 

o o 

To a mixture of ethanol and water in equal volume (20 ml) 
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containing l ,3-bis(tert-butoxyc»rbonylmethyl)-2-oxoimidazolidine (1.14 
g) obtained in Example 1 is added potassium hydroxide (0.22 g), and 
the mixture is stirred at 70°C for 5 hours. Ethanol is removed by 
evaporation under reduced pressure, and to the residue is added an 
aqueous saturated sodium hydrogen carbonate solution. The aqueous, 
layer is washed with ethyl acetate, and acidified with a 10 % 
hydrochloric acid, and extracted with ethyl acetate. The extract is 
dried over magnesium sulfate, and the solvent is removed by 
evaporation under reduced pressure. The precipitated crystals are 
recrystallized from ethyl acetate to give the desired 2-[(3-tert-butoxy- 
carbonylmethyl)-2-oxo-l-imidazolidinyl)acetic acid (0.30 g) as colorless 

crystals. 

M.p. 112-113°C 

LSIMS (m/z): 259 [(M+H) + ] 

*H-NMR (300MHz, CDC1 3 , 6): 1.46 (9H, s), 3.53 (4H, s), 3.89 (2H, 
s), 4.01 (2H, s), 7.11 (1H, br s) 
Example 4: Preparation of Compound (II) (Step 3) 



tBuOOC 




.COOH 



To ethyl acetate (20 ml) containing 1-benzyloxycarbonylmethyl- 
3-(tert-butoxycarbonylmethyl)-2,4-dioxopyrimidine (1.2 g) obtained in 
Example 2 is added a 20 % palladium hydroxide (50 mg), and the 
mixture is stirred at room temperature under hydrogen atmosphere for 
one hour. The catalyst is removed by filtration, and the filtrate is 
concentrated under reduced pressure to give the desired 2-(3-tert- 
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butoxyc^bonylmethyl-2,4-dioxo-l-pyr^ acid (0.7 g) as 

colorless powder. 

X H-NMR (300MHz, CDC1 3 , 8): 1,46 (9H, s), 4.51 (2H, s), 4.59 (2H, 

s), 5.86 (1H, d), 7.17 (1H, d) 
Example 5: Preparation of Compound (II) (Step 3) 

Compounds (VII) obtained in a similar manner as in Example 1 
or Example 2 are treated in a similar manner as in Example 3 or 
Example 4 to give the compounds (II) as listed in Table 5 as described 
below. 



Table 5 Compound (II) 



Compound 


Physicochemical properties 


II-4 


O P 


LolMo (m/Z) . Aoi ^lYi+rij | 
»H-NMR (300MHz, CDC1 3 , 6): 
1.47 (9H, s), 3.71 (4H, br s), 4.15 
(2H, br s), 4.22 (2H, br s). 


II-5 


t-BuOCO^N N^COOH 


LSIMS (m/z) : 287 ([M+HD 
•H-NMR (300MHz, CDC1 3 , 6): 
1.41 (9H, s), 3.32 (1H, br s), 4.06 
(8H, m). 


II-6 


t-BuOCCX^r/ V^COOH 


APCIMS (m/z) : 259 ((M+H)*) 
'H-NMR (300MHz, CDC1 3 , 6): 
1.46 (9H, s), 2.90 (4H, br s), 3.i8 
(2H, s), 3.32 (4H, br s), 3.51 (2H, 
s). 


II-7 


t-BuOCO^N N^COOH 

n 
o 


LSIMS (m/z) : 273 ([M+H]*) 


II-9 


t-BuOCCk^NYN^COOH 
O 


LSIMS (m/z) : 300 ([M+H]*) 
•H-NMR (300MHz, oVDMSO, 6): 
1.42 (9H, s), 2.17 (3H, s), 4.48 
(2H, s), 4.60 (2H, s), 13.28 (1H, 
brs). 


n-13 


t-BuOCO^N^N^COOH 
O 


LSIMS (m/z) : 273 ([M+H]*) 
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(Continuation of Table 5) 



11-15 


t-BuOCO^l «, COQH 

IT 
O 


LSIMS (m/z) : 299 ([M+HJ*) 
*H-NMR (300MHz, CDC1 3 , 6): 
1.48 (9H, s), 1.96 (3H, d), 4.49 
(2H, s), 4.61 (2H, s), 6.98 (1H, d). 


11-16 


t-BuOCO^ N ^N^CCX)H 
O 


LSIMS (m/z) : 285 flM+H]*) 
l H-NMR (300MHz, 
CDClj+CDjOD, 6): 1.49 (9H, s), 
4.42 (2H, s), 4.67 (2H, s), 5.83 
(1H, d), 7.31 (1H, d). 


n-17 


4r 

t-BuOCO^N^-N^COOH 
n 
O 


LSIMS (m/z) : 301 ([M+HD 


11-19 


t-BuOCO^NI N COOH 

n 
O 


f CTKJTQ (m • Oft 1 / rhif-tm+l 

LolMo \uXfZ) . oUX ^[IvItj-ij j 


11-20 


o 


LSIMS (m/z) : 287 ([M+H)*) 


11-22 


t-BuOCOs.N^NvJCOOH 


LSIMS (m/z) : 286 ((M+H)*) 



Example 6: Preparation of Compound (VIII) 

(1) Preparation of the benzylamino compound (bemy lamination) 

A suspension containing lithium aluminum hydride (1.2 g) and 
tetrahydrofuran (200 ml) is stirred under reflux for 1.5 hour. The 
reaction solution is cooled to room temperature, and thereto is added 
dropwise benzylamine (17.3 g). Then, to the mixture is added dropwise 
tetrahydrofuran (150 ml) containing (3S)-3-benzyloxycarbonylamino-2- 
hydroxy-4-methylbutyric acid ethyl ester (10 g), and the mixture is 
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stirred at room temperature for 12 hours. Water is carefully added to 
the reaction solution, and the mixture is extracted with ethyl acetate. 
The extract is dried over magnesium sulfate, and the solvent is removed 
by evaporation under reduced pressure. The residue is purified by 
5 silica gel column chromatography [solvent; n-hexane:ethyl acetate (1:1)] 

to give the desired (lS)-3-benzylamino-l-benzyloxycarbonylamino-l- 
isopropyl-2-hydroxy-3-oxopropane (9.2 g) as colorless oil. 
LSIMS (m/z): 371 [(M+H)*] 

l H-NMR (300MHz, CDC1 3> 6): 0.96 (3H, d), 1.02 (3H, d), 2.23 (1H, 
10 m), 3.47 (lH,br t), 4.23-4.55 (4H, m), 5.01 (2H, s), 5.19 (1H, m), 

5.59 (1H, m), 7.06-7.44 (10H, m) 
(2) Preparation of the starting OH compound (removal of protecting 
group for amino group) 




15 To ethanol (200 ml) containing the compound (9.2 g) obtained in 

the above step is added a catalytic amount of 20 % palladium hydroxide, 
and the mixture is subjected to hydrogenolysis at room temperature. 
The catalyst is removed by filtration, and the filtrate is concentrated 
under reduced pressure to give the desired (lS)-l-amino-3-benzyl- 

20 amino- l-isopropyl-2-hydroxy-3-oxopropane (5.9 g) as colorless oil. 

This product is subjected to the subsequent reaction without further 
purification. 

(3) Preparation of Compound (III) having an amino group protected 
(amidation) 
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To methylene chloride (200 ml) containing the compound (5.9 g) 
obtained in the above step are added N-(benzyloxycarbonyl)-Lrvatyl-Lr 
proline (9.7 g) and l-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (5.3 g), and the mixture is stirred at room temperature for 
12 hours, and concentrated under reduced pressure at room 
temperature. To the residue is added ethyl acetate, and the mixture is 
washed successively with 1 mol/liter hydrochloric acid, water, a 
saturated aqueous sodium hydrogen carbonate solution, and a 
saturated brine, and dried over anhydrous magnesium sulfate. The 
solvent is removed by evaporation under reduced pressure, and the 
residue is purified by silica gel column chromatography [solvent; 
chloroform-methanol (100:1)] to give the desired N-benzyloxycarbonyl-L- 
valyl-N-[( 1 S) -3-benzylamino-2-hydroxy- 1 -isopropyl-3-oxopropyl]-L- 
prolinamide (7.5 g) as colorless oil. 
LSIMS (m/z): 567 [(M+H) + ] 

'H-NMR (300MHz, CDC1 3 , 6): 0.79-1.06 (12H, m), 1.77-2.35 (5H, 
m), 3.56 (1H, m), 3.73 (1H, m), 4.23-4.45 (4H, m), 5.06 (1H, d), 
5.11 (1H, d), 5.48 (lH,brt), 7.17-7.42 (10H, m) 

(4) Preparation of Compound (VIII) (removal of a protecting group for 

amino group) 
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To a solution of the compound (9.2 g) obtained in the above step 
in ethanol (200 ml) is added a catalytic amount of 2 % palladium 
hydroxide, and the mixture is stirred at room temperature under 
hydrogen current for one hour. The catalyst is removed by filtration, 
and the filtrate is concentrated under reduced pressure to give the 
desired L-valyl-N-[(lS)-(3-benzylamino- l-isopropyl-2-hydroxy-3-oxo- 
propyl)-L-prolinamide (5.9 g) as colorless oil. This product is used as a 
starting compound in Example 10 without further purification. 
Example 7: Preparation of Compound (VIII) 
(1) Preparation of the starting oxazolidine derivative (cyclization) 




To a solution of N-benzyloxycarbonyl-L- valine (25.1 g, 0.1 mol) in 
toluene (500 ml) are added paraformaldehyde (4.0 g) and p-toluene- 
sulfonic acid monohydrate (1.0 g), and the mixture is refluxed for 30 
minutes, during which the generated water is removed with a Dean- 
Stark apparatus. The reaction solution is washed successively with a 
5 % aqueous sodium hydrogen carbonate solution and a saturated 
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brine, dried over magnesium sulfate, and the solvent is removed by 
evaporation under reduced pressure. The residue is recrystallized from 
toluene to give (4S)-4-isopropyl-5-oxo-l,3-oxazolidine-3-carboxylic acid 
benzyl ester (25.0 g, yield: 95 %). 
M.p. 54-55°C 

[ Q ] D 24 +98.2° (c=1.0, chloroform) 
IR (KBr) cm 1 : 1786, 1691 

'H NMR (300MHz, CDCI3): 6 7.32-7.41 (5H, m), 5.15-5.60 (4H, 
m), 4.23 (1H, brs), 2.35 (1H, m), 1.08 (3H, d, J=6.78 Hz), 1.01 
(3H,d, J-6.78 Hz) 



APCI-MS: 264 (MH*) 
(2) Preparation of 5-trifluoromethyloxazolidine derivative 
(trifluoromethylation) 




(4S).4-Isopropyl-5-oxo-l,3-oxazolidine-3-carbo^rlic acid benzyl 
ester (5 g, 0.019 mol) obtained in the above is dissolved in tetrahydro- 
furan (15 ml), and thereto is added cesium fluoride (0.58 g, 0.0038 mol), 
and then further added slowly trimethyl(trifluoromethyl)silane (3.5 ml, 
0.024 mol), and the mixture is stirred at room temperature for 30 
minutes. 

Subsequently, methanol (15 ml) is added to the above 
tetrahydrofuran solution, and the mixture is stirred for 5 minutes. The 
reaction mixture is concentrated under reduced pressure, and th 
residue is purified by silica gel column chromatography [eluent; n- 
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hexane-ethyl acetate (15:1 -» 10:1)], and further reciystallized from 
diisopropyl ether to give (4S,5S)-5-hydroxy-4-isopropyl-5-trifluoro- 
methyl-l,3-6xazolidine-3-carboxylic acid benzyl ester (5.83 g, yield: 
92%). 

M.p. 73-74°C 

[oV 4 +48.2 (c=1.0, chloroform) 

l H NMR (300MHz, CDC1 3 ): 6 7.34-7.40 (5H, m), 5.42 (1H, brs), 
5.20 (1H, d, J=12.3 Hz), 5.15 (1H, d, J=12.3 Hz), 4.84 (1H, d, 
4.92 Hz), 4.22 (1H, brs), 3.63 (1H, brs), 2.17 - 2.26 (1H, m), 1.05 
(3H, d, J-.5.67 Hz), 1.00 (3H, d, J=6.75 Hz) 
APCI-MS: 334 (MH*) 
(3) Preparation of 5-trifluoromethyl derivative (ring opening) 




A solution of the ester (5.0 g, 0.015 mol) obtained in the above in 
t-butyl methyl ether (20 ml) is added dropwise to a solution of zinc 
chloride (2.0 g, 0.015 mol) and sodium borohydride (1.1 g, 0.029 mol) in 
t-butyl methyl ether (80 ml), and the mixture is stirred at room 
temperature for 15 hours. To the reaction solution is added a 
saturated aqueous ammonium chloride solution (80 ml), and the 
mixture is extracted with ethyl acetate (50 ml). The extract is washed 
with as saturated brine, and the organic layer is dried over magnesium 
sulfate. The solvent is removed by evaporation under reduced pressure, 
and methanol (25 ml), water (25 ml) and potassium carbonate (3.1 g) 
are added to the residue, and the mixture is stirred for one hour. The 
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reaction solvent is removed by evaporation under reduced pressure, and 
water (50 ml) is added to the residue. The mixture is extracted three 
times with ethyl acetate (50 ml). The extract is washed with a 
saturated brine, and the organic layer is dried over magnesium sulfate, 
and the solvent is removed by evaporation under reduced pressure. 
The precipitated crystals are collected by filtration, and washed with 
hexane to give N-[(lS,2S)-3,3,3-trifluoro-2-hydroxy-l-(isopropyl)propyl]- 
carbamic acid benzyl ester (3.0 g, yield: 87 %). 

M.p. 103-104°C 

[a] D 24 -22.3 (c=1.0, chloroform) 

*H NMR (CDC1 3 ): 6 7.26-7.45 (5H, m), 5.14 (1H, d, J-12.1 Hz), 
5.10 (1H, d, J=12.1 Hz), 4.84 (1H, d, J-9.0 Hz), 3.99-4.15 (1H, 
m), 3.81 (2H, m), 1.90-2.07 (1H, m), 1.01 (3H, d, J=6.6 Hz), 0.96 
(3H,J=6.6Hz) 
APCI-MS: 306 (MH + ) 

(4) Preparation of the staring OH compound (removal of protecting 

group for amino group) 




N-[( 1 S,2S)-3,3,3-Trifluoro-2-hydroxy- 1 -(isopropyl)propyl]- 
carbamic acid benzyl ester (740 g, 2.42 mol) obtained in a similar 
manner as in the above is dissolved in ethyl acetate (1500 ml), and 
thereto is added 20 % palladium hydroxide (30 g), and the mixture is 
stirred at room temperature under hydrogen atmosphere for 7 hours. 
The catalyst is removed by filtration, and the filtrate is concentrated 
under reduced pressure to give (2S,3S)-3-amino-l,l,l-trifluoro-4- 
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methyl-2-pentanol (420 g, yield: quantitative) as oil. 

l H NMR (CDCI3): 6 3.95-4.02 (1H, m), 2.56-2.63 (1H, m), 1.77- 
1.92 (1H, m), 1.01 (3H, d, J=6.6 Hz), 0.99 (3H, d, J=6.6 Hz) 
APCI-MS: 172 (MH*) 

(5) Preparation of Compound (VIII) (amidation/ removal of protecting 

group for amino group) 




(2S,3S)-3-Amino-l,l l i-trifluoro-4-methyl-2-pentanol obtained in 
the above and N-(benzyloxycarbonyl)-L-valyl-L-proline are reacted in a 
similar manner as in Example 6 (3), and the resulting product is treated 
in a similar manner as in Example 6 (4) to remove a benzyloxycarbonyl 
group, which is a protecting group for amino group, to give the desired 
L-valyl-N-[(lS,2S)-3,3,3-trifluoro-l-isopropyl-2-hydroxypropyl)-L-^ 
amide hydrochloride. 

Example 8: Preparation of Compound (I-d-1) (Step 4) 



tBuOOC. 




To methylene chloride (1000 ml) containing 2-[(3-tert-butoxy- 
carbonylmetJiyl-2-oxo-l-imidazoUdinyl)]acetic acid (33 g) obtained in 
Example 3 and L-valyl-N-[(lS,2S)-(3,3,3-trifluoro-l-isopropyl-2- 
hydroxypropyl)]-L-prolinamide hydrochloride (46.4 g) obtained in 
Example 7(5) are added l-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (41.4 g) and triethylamine (38.5 g), and the mixture is 
stirred at room temperature for 12 hours, and concentrated under 
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reduced pressure at room temperature. To the residue is added ethyl 
acetate, and the mixture is washed successively with 1 mol/ liter 
hydrochloric acid, water, a saturated aqueous sodium hydrogen 
carbonate solution, and a saturated brine, and dried over anhydrous 
magnesium sulfate. The solvent is removed by evaporation under 
reduced pressure, and the residue is purified by silica gel column 
chromatography [solvent; chloroform-methanol (100:3)] to give the 
desired 2-(3-tert-butoxycarbonylmethyl-2-oxo- l-imidazolidinyl)acetyl-Ln 
valyl-N-[(lS,2S)-(3,3,3-trifluoro-^ 
amide (79.5 g) as colorless oil. 

APCIMS (m/z): 608 [(M+H) + ] 
Example 9: Preparation of Compound (I-d-2) (Step 4) 

tBuOOC^N^N^COOH tBuOOC^N Y N^k 
1 O H 

To pyridine (20 ml) containing L-valyl-N-[(lS)-2-(2-benzoxazolyl)- 
l-isopropyl-2-hydroxyethyl]-L-prolinamide (1.0 g) are added 2-(3-tert- 
butoxycarbonylmethyl-2,4-dioxo-l-pyrimidinyl)acetic acid (0.7 g) 
obtained in Example 4 and l-eliiyl-3-dimethylaminopropyl)carbodiimide 
hydrochloride (0.6 g), and the mixture is stirred at room temperature for 
15 hours. The reaction solution is poured into water, and the mixture 
is extracted with ethyl acetate. The extract is washed successively with 
1 mol/ liter hydrochloric acid, a saturated aqueous sodium hydrogen 
carbonate solution, and a saturated brine, and dried over anhydrous 
magnesium sulfate. The solvent is removed by evaporation under 
reduced pressure to give the desired 2-(3-tert-butoxycarbonylmethyl- 
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2,4-dioxo-l-pyrimidinyl)acetyl4^^ 

isopropyl-2-hydroxyethyl]-L-prolinamide (1.5 g) as powders. 

LSIMS (m/z): 683 [(M+H)*] 
Example 10: Preparation of Compound (I-d) (Step 4) 

The compounds (VIII) obtained in Example 6 or Example 7 are 
treated in a similar manner as in Example 8 or Example 9 to give the 
compounds (I-d) as listed in Table 6 as described below. 
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Table 6 Compound I-d 



O 
I 

ROOC-A-D-B^N 
H 




No.. 


ROOC-A-D-B- 


R s 


Physicochemical properties 


Id3 


t-BuOCO^N^N^ 
O 


O 


LSIMS (m/z) : 699 (|M+H]*) 


Id4 


t-BuOCOu 

V f 


-co 


LSIMS (m/z) : 685 ([M+H]*) 


Id5 


t-BuOCO^ N 


-CO' 


LSIMS (m/z) : 685 (JM+H]*) 


Id6 


t-BuOCCxV 

v \ t 


-co 


APCIMS (m/z) : 657 ([M+H]*) 


Id7 


t-BuOCO^NYN^ 
O 


CF 3 


APCIMS (m/z) : 622 ([M+H]*) 
*H-NMR (300MHz, CDC1 3 , 6): 
0.92-1.00 (12H, m), 1.47 (9H, 
s), 1.97-2.24 (5H, m), 3.62-3.85 
(3H, m), 4.06-4.10 (3H, m), 
4.20-4.38 (2H, m), 4.47-4.53 
(1H, m), 4.60-4.67 (1H, m), 4.86 
and 5.02 (1H, each d), 6.91 and 
7.15 (1H, each d), 7.34 (1H, d). 


Id9 


t-BuOCO^NYN^ 
O 


-co 


APCIMS (m/z) : 698 ([M+H]*) 
'H-NMR (300MHz, CDC1„ 6): 
0.82-1.08 (12H, m), 1.47 (9H, 
s), 1.74-2.52 (8H, m), 3.48-3.73 
(2H, m), 3.95-4.78 (7H, m), 
5.01-5.33 (1H, m), 6.96-7.89 
(6H, m). 


Idll 


t-BuOCQ^N^N^ 
O 


-COOCH3 


LSIMS (m/z) : 624 ((M+H]*) 
l H-NMR (300MHz, CDC1 3 , 6): 
0.86-1.04 (12H, m), 1.45 (9H, 
3), 1.87-2.06 (5H, m), 3.61-3.76 
(2H, m), 3.79 (3H, s), 4.08-4.69 
(8H, m), 5.82 (1H, d), 7.03-7.18 
(2H, m), 7.21 (lH.d). 
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(Continuation of Table 6) 



Idl2 




0 


LSIMS (m/z) : 701 ([M+H]*) 


Idl3 


t-Buoca^NY N -^ 

0 


-co 


APCIMS (m/z) : 671 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.82-1.01 (12H, m), 1.45 (9H, 
s), 1.58-2.05 (8H, m), 3.51- 
4.34 (9H, m), 4.54-4.67 (2H, 
ml 5 00-5 33 f 1H m) 7 15- 
7.84 (7H, m). 


Idl4 


t-BuOCO^N^N^ 
if 
0 


-co 


APCIMS (m/z) : 671 ([M+H]*) 


Idl5 


t-BuOCO^N n . 

n 
O 




LSIMS (m/z) : 697 ([M+H]*) 


Idl6 


t-BuOCO. M N ^ 

o 




LSIMS (m/z) : 683 ([M+H]*) 


Idl7 


t-BuOCO . N Y N ^ 

O 




APCIMS (m/z) : 699 ([M+H]*) 

itj ktwd /onnxjfUv f^ri/"" 1 ! c\. 
ri-INMK (oUUMrlZ, \*U\*l$ 9 0); 

0.84-0.99 (12H, m), 1.42 (6H, 
s), 1.46 (9H, s), 1.58-2.20 (6H, 
m), 3.65-3.80 (2H, m), 3.91 
(2H, s), 4. 17-4.82 (6H, m), 
5.08-5.32 (1H, m), 7.28-7.74 
(6H, m). 


Idlo 


/—v 

t-BuOCO ^N. ^N^^ 

II 

o 




T QfXAQ im /t\ • (iU( -4-141*1 


Id 19 


t-BuOCO^NYN^/ 
0 


-co 


LSIMS (m/z) : 699 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 6):. 

/*> ft 1.1 ni MOH ml 1 44 MSH 

s), 1.66-2.53 (6H, m), 3.40- 
3.70 (4H, m), 4.04-4.22 (4H, 
m), 4.50-4.60 (2H, m), 5.13- 
5.28 (2H, m), 7.29-7.66 (6H, 
m). 


Id20 


t-BuOC0uNYN>/ 
O 


-co 


APCIMS (m/z) : 685 ([M+H]*) 
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(Continuation of Table 6) 



Id21 


Q o 


COOCH3 


LSIMS (m/z) : 626 ([M+H]*) 


Id22 


t-BuOCO^'^N^ 


-{0 


LSIMS (m/z) : 684 (\M+H)*) 


Id23 




CF 3 


APCIMS (m/z) : 634 ([M+H)*) 


Id24 


t-BuOCO^^^ 


CF 3 


LSIMS (m/z) : 636 (|M+HJ*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.92-1.03 (12H, m), 1.45 (9H, s), 
2.00-2.23 (6H, m), 3.62-3.84 
(2H, m), 4.04-4.87 (7H, m), 5.82 
(1H, d), 7.24 (1H, d), 7.49-7.52 
(lH.m). 


Id25 


t-BuOCQ^,Q^ 


0 


LSIMS (m/z) : 673 ([M+H]*) 



Example 11: Preparation of Compound (I-b-1) (Step 5) 
Step 5-1: Preparation of the ketone compound (oxidation) 




O 



5 To methylene chloride (1000 ml) containing 2-(3-tert-butoxy- 

carbonylmethyl-2-oxo-l-imidazolid^ 

txifluoro-l-isopropyl-2-hydrox3rpropyl]-L-prolinamide (79.5 g) obtained 
in Example 8 is added a Dess-Martin reagent (1 12.3 g), and the mixture 
is stirred at room temperature for one hour, and the mixture is 
10 concentrated under reduced pressure. To the residue is added ethyl 

acetate, and the mixture is washed successively with a saturated 
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aqueous sodium thiosulfate solution, water, a saturated aqu ous 
sodium hydrogen carbonate, and a saturated brine, and dried over 
anhydrous magnesium sulfate. The solvent is removed by evaporation 
under reduced pressure, and the residue is purified by silica gel column 
chromatography [solvent; chlorbform-methanol (100:3)] to give the 
desired 2-(3-tert-butoxycarbonylmethyl-2-oxo- l-imidazolidinyl)acetyl-L- 
valyl-N- [( 1 S j- (3 , 3 , 3- trifluoro- 1 -isopropyl-2 -oxopropyl) ]-L-prolinamide 
(67.2 gj as colorless oil. 

APCIMS (m/z): 606 [(M+H) + ] 

l H-NMR (300MHz, CDC1 3 , 8): 0.83-1.02 (12H, m), 1.47 (9H, s), 
1.89-2.32 (6H, m), 3.48-4.06 (10H, m), 4.58 (1H, dd), 4.64 (1H, 
dd), 4.84 (1H, dd), 7.35 (1H, d), 7.72 (1H, d) 

Step 5-2: Preparation of Compound (I-b) (removal of protecting group for 

carboxyl group) 




To methylene chloride (200 ml) containing the ester compound 
(34.9 g) obtained in the above Step (5-1) is added trifluoroacetic acid 
(200 ml) at room temperature, and the mixture is stirred at room 
temperature for one hour, and concentrated under reduced pressure. 
To the residue is added diisopropyl ether, and the precipitated crystals 
are collected by filtration, and crystallized from ethyl acetate. Th 
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crystals are further recrystallized from ethyl acetate-methyl ethyl ketone 
to give the desired 2-(3-carboxymethyl-2-oxo-l-imida2olidinyl)acetyl-L- 
valyl-N-[(lS)-3,3,3-trifluoro-l-isopropyl-2-oxopropyl]-l^prolinamide 
(17.3 g) as colorless crystals. According to high performance liquid 
chromatography, it is confirmed that the purity of the product is 
98.71 %, and that 0.78 % of the isomer is contained therein. 

M.p. 177-178°C 

[a] D 20 63.0° (c=1.0, chloroform) 

APCIMS (m/z): 550 [(M+H) 4 ] 

>H-NMR (300MHz, CDC1 3 , 6): 0.85-1.02 (12H, m), 1.90-2.31 (6H, 
m), 3.51 (4H, m), 3.68 (1H, m), 3.81-4.13 (5H, m), 4.58 (2H, m), 



4.92 (1H, dd), 7.45 (2H, m) 
Example 12: Preparation of Compound (I-b-2) (Step 5) 
Step 5-1: Preparation of the ketone compound (oxidation) 




To methylene chloride (30 ml) containing 2-(3-tert-buto>qr- 
carbonylmetJiyl-2,4-dioxo-l-pyrimidinyl)acetyl-L-valyl-N-[(lS)-2-(2- 
benzoxazolyl)-l-isopropyl-2-hydroxyethyl)-L-prolinamide (1.5 g) 
obtained in Example 9 are added t-butyl alcohol (0.16 g) and a Dess- 
Martin reagent (1.9 g), and the mixture is stirred at room temperature 
for one hour. The reaction solution is poured into a saturated aqueous 
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sodium thiosulfate solution, and the mixture is extracted with ethyl 
acetate. The extract is washed successively with a saturated aqueous 
sodium thiosulfate solution, a saturated aqueous sodium hydrogen 
carbonate solution, and a saturated brine, and dried over anhydrous 
magnesium sulfate. The solvent is removed by evaporation under 
reduced pressure to give the desired 2-(3-tert-butoxycarbonylmethyl- 
2,4-dioxo- 1 -pyrimidinyl)acetyl-L-valyl-N-[( 1 S)-2-(2-benzoxazolyl)- 1- 
isopropyi-2-oxoethyl]-L-prolinamide (1.2 g) as powders. 
LSIMS (m/z): 681 [(M+H) + J 

*H-NMR (300MHz, CDC1 3 , 6): 0.90-1.09 (12H, m), 1.44 (9H, s), 
1.90-2.30 (5H, m), 2.50 (1H, m), 3.67 (1H, m), 3.78 (1H, m), 4.26 
(1H, d), 4.54-4.75 (5H, m), 5.69 (1H, dd), 5.83 (1H, d), 7.42-7.57 
(4H, m), 7.66 (1H, d), 7.91 (1H, d) 

Step 5-2: Preparation of Compound (I-b) (removal of protecting group for 

carboxyl group) 




To a solution of the ester compound (1.2 g) obtained in the above 
Step (5-1) in methylene chloride (30 ml) is added trifluoroacetic acid (15 
ml), and the mixture is stirred at room temperature for one hour. The 
reaction solution is concentrated under reduced pressure, and to the 
residue is added water, and the mixture is extracted with ethyl 
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acetate. The extract is washed with water, and dried over anhydrous 
magnesium sulfate. The solvent is concentrated under reduced 
pressure, and ether is added to the residue for pulverization. The 
resultant is recrystallized from dichloroethane to give the desired 2-(3- 
carboxymethyl-2,4-dioxo- 1 -pyrimidinyl)acetyl-L-valyl-N-[(lS)-2-(2- 
benzoxa2olyl)-l-isopropyl-2-oxoethyl]-L-prolinamide (1.2 g) as 
powders. According to high performance liquid chromatography, it is 
confirmed that the purity of the product is 92 %, and that 7.1% of the 
isomer is contained therein. 

M.p. 135-140°C 

LSIMS (m/z): 625 [(M+H)*] 

! H-NMR (300MHz, dg-DMSO, 6): 0.85-1.05 (12H, m), 1.70-2.05 
(5H, m), 2.38 (1H, m), 3.55 (1H, m), 3.64 (1H, m), 4.32 (1H, dd), 
4.40-4.55 (5H, m), 5.28 (1H, dd), 5.75 (1H, d), 7.55 (1H, dd), 
7.64 (2H, m), 7.90 (1H, d), 8.01 (1H, d), 8.45 (2H, m), 12.9 (1H, 
s) 

Example 13: Preparation of Compound (I-b) (Step 5) 

The compounds (I-b) as listed in Table 7 are obtained in a 
similar manner as in Example 1 1 or Example 12. 
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Table 7 Compound I-b 



ROOC-A-D-B 




No. 


ROOC-A-D-B- 


R 5 


Physicochemical properties 


Ib3 


o 


0 


LSIMS (m/z) : 641 ([M+HJ*) 
*H-NMR (300MHz CDCL. fit- 
0.75-1.06 (12H, m), 1.88- 
2.50 (6H, m), 3.65 (1H, m), 
3.78 (1H, m), 4.35-4.69 (7H, 
m), 4.94 (1H, d), 5.82 (1H, d), 
7.15 (1H, d), 7.18-7.40 (5H, 
m). 


TVJ> 

It>3 


t-Bu ester of the 
above compound ; 


The same as 
above 


LSIMS (m/z) : 697 (IM+HH 
'H-NMR (300MHz, CDC1 3 , 6): 
0.83 (3H, d), 0.88^1.07 (9H, 
m), 1.45 (9H, s), 1.86-2.28 
(5H, m), 2.38 (1H, m), 3.65 
(1H, m), 3.76 (1H, m), 4.22 
(lH,d), 4.47 (2H, d), 4.54- 
4.72 (5H, m), 5.29 (1H, dd), 
5.81 (1H, d), 7.18-7.41 (8H, 
m), 7.47 (1H, d). 


Ib4 




-CO 


LSIMS (m/z) : 627 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.82-1.13 (12H,m), 1.90- 

2.73 (6H, rn), 3.56-3.90 (6H, 
m), 4.13-4.36 (4H, m), 4.54- 
4.69 (2H, m), 5.64 (1H, dd), 
7.39 (1H, brd), 7.47 (1H, t), 
7.55 (lH,t), 7.66 (lH. d), 

7.74 (1H, br d), 7.91 (lH.d). 


Ib4\ 


t-Bu ester of the 
above compound 


The same as 
above 


LSIMS (m/z) : 683 ([M+H]*) 
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(Continuation of Table 7) 



Ib5 


HOOCs^N 




LSIMS (m/z): 627 ((M+HJ*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.86-1.11 (12H, m), 1.91-2.25 
(5H, m), 2.51 (1H, m), 3.19 (1H, 
br s), 3.69 (1H, m), 3.83 (1H, 
m), 4.00-4.31 (8H, m), 4.55- 
4.69 (2H, m), 5.65 (1H, dd), 
7.36-7.59 (3H. m), 7.66 (2H, d), 
I Mi [In, a). 


Ib5' 


t-Bu ester of the 
above compound 


The same 
as above 


LSIMS (m/z): 683 ([M+H] + ) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.82-1.16 (12H, m), 1.48 (9H, 
s), 1.90-2.29 (5H, m), 2.50 (1H, 
m), 3.67 (1H, m), 3.78 (1H, m), 
3.87-4.42 (8H, m), 4.65 (1H, br 
t), 4.73 (1H, br t), 5.69 (1H, dd), 
7.48 (lH.br t), 7.54 (1H, br t), 
/.do I iri, Dr uji /.yi [in, Uj. 


Ib6 




-io' 


LSIMS (m/z): 599 ((M+H]*) 
»H-NMR (300MHz, d^-DMSO, 6): 
0.84-1.00 (12H, m), 1.71-2.06 
(5H, m), 2.39 (1H, m), 3.29-4.03 
(14H, m), 4.37 (1H, dd), 4.51 
(1H, m), 5.28 (1H, dd), 7.56 (1H, 
ddl 7 66UH dd) 7 91 (1H d). 

\*L\*Lj y 1 • \J\J I Ally 9 A 9 

8.02 (1H, d), 8.47 (1H, m), 8.69 
(1H. m). 


Ib6' 


t-Bu ester of the 
above compound 


The same 
as above 


APCIMS (m/z): 655 ([M+H]*) 
X H-NMR (300MHz, CDC1 3 , 6): 
0.92-1.14 (12H, m), 1.47 (9H, 
s), 1.60-2.73 (14H, m), 3.00- 
3.15 (4H, m), 3.68 (1H, m), 3.83 
(1H, m), 4.57-4.76 (2H, m), 5.58 
(1H, m), 7.21-7.93 (6H, m). 



-fr: 2 hydrochloride 



CA 02362911 2001-08-10 



57 



(Continiiati n f Table 7) 



Ib7 


HOOC^N^N^ 
O 


CF 3 


APCIMS (m/z): 564 ([M+H]*) 
'H-NMR (300MHz, d«-DMSO, 6): 
0.77-0.94 (12H, m), 1.69-2.23 (6H, 
m), 3.53-3.72 (2H, m), 4.04-4.12 
(6H, m), 4.30-4.63 (4H, m), 8.40 
(1H, d), 8.61 (lHi d), 13.02 (1H, br 
s). 


Ib7* 


t-Bu ester of the 
above compound 


The same 
as above 


APCIMS (m/z): 620 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.86-1.08 (12H, m), 1.48 (9H, s), 
1.70-2.46 (6H, m), 3.60-3.80 (2H, 
m), 4.07 (2H, s), 4.10 (2H, s), 4.19- 
4.34 (2H, m), 4.62-4.70 (2H, m), 
4.86 and 4.93 (1H, each dd), 6.89 
and 7.04 (1H, each d), 7.58 and 
7.81 (1H, each d). 


Ib8 


/ — \ 

HOOc'Y w I 
0 ° 




LSIMS (m/z): 655 ([M+H)*) 
*H-NMR (300MHz, d«-DMSO, 6): 
0.83-1.00 (12H, m), 1.71-2.09 (5H, 
m), 2.39 (1H, m), 3.34-3.56 (14H, 
m), 3.69 (1H, m), 4.33 (1H, dd), 
4.50 (1H, m), 5.29 (1H, m), 7.55 
(1H, dd), 7.65 (1H, dd), 7.90 (1H, 
d), 8.02 (1H, d), 8.26 (1H, m), 8.43 
(lH.m). 


Ib8* 


t-Bu ester of the 

above compound 


The same 
as above 


LSIMS (m/z): 711 ((M+H]*) 


Ib9 




-co 


APCIMS(m/z) : 640 ([M+H]*) 
*H-NMR (300MHz, d«-DMSO, 6): 
0.85-1.01 (12H, m), 1.71-2.06 (5H, 
m), 2.15 (3H, s), 2.36-2.42 (1H, 
m), 3.48-3.66 (2H, m), 4.31 (1H, 
dd), 4.47 (2H, s), 4.52 (1H, dd), 
4.60 (2H, s), 5.28 (1H, dd), 7.53- 
/.do l^n, m), 7.9o (2n f da), o*4b . 
(2H,m) 


Ib9' 


t-Bu ester of the 
above compound 


The same 
as above 


APCIMS (m/z): 696 ([M+H]*) 
l H-NMR (300MHz, CDC1 3 , 6): 
0.92-1.14 (12H, m), 1.48 (9H, s), 
1.98-2.23 (5H, m), 2.26 (3H, s), 
2.44-2.55 (1H, m), 3.64-3.79 (2H, 
m), 4.51-4.77 (6H, m), 5.66 (1H, 
dd), 6.90 (1H, d), 7.43-7.67 (4H, 
m),7.91 (1H, d) 
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(Continuation of Table 7) 



IblO 


O 


-00 


LSIMS (m/z): 641 ([M+H]*) 
•H-NMR (300MHz, de-DMSO, 
6): 0.85-1.00 (12H, m), 1.71- 
2.06 (5H, m), 2.39 (1H, m), 
3.33-4.16 (12H, ra), 4.32 (1H, 
m), 4.50 (1H, m), 5.31 (1H, m), 
7.55 (1H, dd), 7.65 (1H, dd), 
7.90 (1H, d), 8.02 (1H, d), 8.29 
(1H, m), 8.43 (1H, d) 


IblO' 


t-Bu ester of the 
above comnound 


The same 
as above 


LSIMS (m/z): 697 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.92-1.13 (12H, m), 1.47 (9H, 
s), 1.85-2.55 (6H, m), 3.38- 
4.31 (12H, m), 4.55-4.79 (2H, 
m), 5.59 (1H, m), 7.43-7.92 
(6H, m) 


Ibll 


hooc v n y n^ 
o 


COOCH3 


APCIMS (m/z) : 566 ([M+H]*) 
*H-NMR (300MHz, (VDMSO, 
6): 0.81-0.92 (12H, m), 1.69- 
2.27 (7H, m), 3.77 (3H, s), 
4.31-4.61 (7H, m), 5.74 (1H, 
d), 7.66 (1H, d), 8.38-8.48 (2H, 
m). 


Ibll' 


t-Bu ester of the 
above compound 


The same 
as above 


APCIMS (m/z) : 622 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.79-1.06 (12H, m), 1.46 (9H, 
s), 1.93-2.32 (5H, m), 3.59- 
3.75 (2H, m), 3.89 (3H, s), 
4.24-4.56 (2H, m), 4.58 (4H, s), 
5.08 (1H, dd), 5.82 (1H, d), 
6.72 (lH.d), 7.20 (lH.d). 


Ibl2 


O 0 


O 


liolMo (m/z) : Ofo ([M+nj j 
'H-NMR (300MHz, dg-DMSO, 
6): 0.73-1.00 (12H, m), 1.67- 
2.30 (6H, m), 4.00-4.20 (5H, 
m), 4.23-4.42 (4H, m), 4.49 
(1H, m), 4.95 and 5.01 (1H, 
each dd), 8.16 (1H, d), 8.32 
(1H, d), 9.24 (1H, t). 


Ibl2' 


t-Bu ester of the 
above compound 


The same 
as above 


LSIMS (m/z) : 699 ([M+H]*) 
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(Continuation of Table 7) 



Ibl3 


HOOC v N 

n 
O 


-SO 


APCIMS (m/z) : 613 ((M+HJ*) 
'H-NMR (300MHz, oVDMSO, 
6): 0.83-1.01 (12H, m), 1.72- 
2.09 (5H, m), 2.36-2.42 (1H, 
m), 3.51-3.74 (2H, m), 4.05- 
4.14 (6H,m), 4.34 (lH,t), 
4.52 (1H, dd), 5.29 (1H, dd), 
7.53-7.69 (2H, m), 7.96 (2H, 
dd), 8.37 (1H, d), 8.44 (1H, 
d). 


lb 13' 


t-Bu ester of the 
above compound 


The same 
as above 


APCIMS (m/z) : 669 ([M+H]*) 


Ibl4 


r-f 

HOOC N^N^ 

O 




APCIMS (m/z): 613 flM+H]*) 
'H-NMR (300MHz, d^-DMSQ, 
6): 0.84-1.01 (12H, m), 1.72- 
2.04 (5H, m), 2.35-2.40 (1H, 
m), 3.49-3.69 (2H, m), 4.04- 
4.12 (6H,m), 4.31 (lH.t), 
4.52 (1H, dd), 5.26-5.30 (1H, 
m), 7.53-7.68 (2H, m), 7.96 
(2H, dd), 8.41 (1H, d), 8.43 
(1H, d), 13.03 (1H, br s) 


Ibl4' 


t-Bu ester of tlie 
above compound 


The same 
as above 


APCIMS (m/z): 669 (|M+HT) 
>H-NMR (300MHz, CDC1 3 , 6): 
0.91-1.14 (12H, m), 1.48 (9H, 
s), 1 .98-2.26 (6H, m), 2.46- 
2.52 (1H, m), 3.65-3.78 (2H, 
m), 4.07 (2H, s), 4.10 (2H, s), 
4.21-4.35 (2H, m), 4.42-4.64 
(2H, m), 5.58-5.69 (1H, m), 
6.94 (1H, d), 7.43-7.67 (4H, 
m), 7.91 (1H, d) 
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Ibl5 


HOOC^n y n^ 
0 


-CO 


LSIMS (m/z): 639 flM+H]*) 
'H-NMR (300MHz, d^-DMSO, 6): 
0.86-1.01 (12H, m), 1.68-2.04 
(5H, m), 1.81 (3H, s), 2.38 (1H, 
m), 3.36-3.68 (6H. m), 4.31 (1H, 
dd), 4.50 (1H, dd), 5.28 (1H, 
dd), 7.53-7.68 (3H, m), 7.90 
(1H, d), 8.02 (1H, d), 8.45 (2H, 
m) 


Ibl5' 


t-Bu ester of the 
above compound 


The same as 
above 


APCIMS (m/z): 695 ([M+H]*) 
'H-NMR (300MHz, CDC1 3> 6): 
0.84-1.13 (12H, m), 1.45 (9H, 
s), 1.96 (3H, s), 1.94-2.26 
(5H,m), 2.51 (1H, m), 3.67 (1H, 
m), 3.79 (1H, m), 4.22 (1H, d), 
4.56-4.72 (5H, m), 5.68 (1H, m), 
7.11 (1H, s), 7.44r7.68 (5H, m), 
7.91 (1H, d) 


Ibl6 


HOOCs^N Y N^x 
0 


-CO 


LSIMS (m/z): 625 ((M+HJ*) 
'H-NMR (300MHz, dj-DMSO, 6): 
0.82-1.01 (12H, m), 1.71-2.05 
(5H, m), 2.38 (1H, m), 3.53 (1H, 
m), 3.62 (1H, m), 4.29 (1H, dd), 
4.41-4.52 (5H, m), 5.27 (1H, 
dd), 5.75 (1H, d), 7.55 (1H, 
ddd), 7.65 (1H, ddd), 7.72 (1H, 
d), 7.90 (1H, d), 8.02 (1H, d), 

A *% ^ /111 1\ A Jk m /I IT J\ 

8.35 (lH, d), 8.47 (lH, d) 


Ibl6' 


t-Bu ester of the 
above compound 


The same as 
above 


LSIMS (m/z): 68 1 ([M+H]*) 
'H-NMR (300MHz, CDCl 3 , 6): 
0.92- 1. 13 (12H, m), 1.48 (9H, 
s), 1.87-2.32 (5H, m), 2.48 
(lH,m), 3.62 (1H, m), 3.76 (1H, 
m), 4.38 (2H, s), 4.60-4.77 (4H, 
m), 5.63 (1H, dd), 5.83 (1H, d), 
6.78 (1H, d), 7.11 (1H, d), 7.43- 
7.67 (4H, m), 7.91 (1H, d) 
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Ibl7 


0 




L&IM& (m/z): o4l ([M+HJ ) 
'H-NMR (300MHz, d^-DMSO, 6): 

s), 1.71-2.07 (5H, m), 2.34-2.42 
(1H, m), 3.49-3.65 (2H, m), 
4.04-4.06 (4H, m), 4.35 (1H, 
dd), 4.52 (1H, dd), 5.28 (1H, 
dd), 7.53-7.68 (2H, m), 7.96 
(2H, dd), 8.36 (1H, d), 8.45 (1H, 
d), 12.83 (1H, br d) 


Ibl7' 


t-Bu ester of the 
above compound 


The same as 
above 


LSIMS (m/z): 697 ([M+H]*) 


Ibl8 


O 




LSIMS (m/z): 599 ([M+H] ) 
'H-NMR (300MHz, CDC1,, 6): 
0.82-1.13 (12H, mj, 1.88-2.28 
(5H, m), 2.50 (1H, m), 3.25-3.74 
(5H, m), 3.82-4.12 (5H, ra), 
4.54-4.71 (2H, m), 5.65 (1H, m), 
7.35-7.59 (4H, m), 7.66 (1H, d), 
7.91 (lH.d) 


Ibl8' 


t-Bu ester of the 
above compound 


The same as 
above 


LSIMS (m/z): 655 ([M+H]*) 


Ibl9 


O 


-00 


APCIMS (m/z): 641 ([M+H]*) 
'H-NMR (300MHz, d«-DMSO, 6): 
0.83-1.01 (12H, m), 1.29 (6H, 
s), 1.72-2.02 (4H, m), 2.33-2.44 
(1H, m), 3.50-3.72 (2H, m), 
3.99 (2H, s), 4.09 (2H, s), 4.35 
(1H, dd), 4.50 (1H, dd), 5.27 
(1H, dd), 7.53-7.68 (2H, m), 
7.96 (2H, dd), 8.22 (1H, d), 8.43 
(1H Hi 13 12 flH br si 


Ibl9' 


t-Bu ester of the 
above compound 


The same as 
above 


APCIMS (m/z): 697 ([M+H]*) 
'H-NMR (300MHz, CDCl a , 6): 
0.92-1.08 (12H, m), 1.46 (15H, 
s), 1.90-2.18 (4H, m), 2.28-2.34 
(1H, m), 2.44-2.50 (1H, m), 
3.59-3.78 (2H, m), 3.98 (2H, s), 
4.19 (2H, 8), 4.46-4.58 (2H, m), 
5.57 (1H, dd), 6.82 (1H, d), 
7.43-7.67 (4H, m), 7.91 (1H, d) 
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Ib20 


rr° 

o 


-^0 


LSIMS (m/z): 627 ([M+H] ) 
l H-NMR (300MHz, d^-DMSO, 6): 
0.82-1.00 (12H, m), 1.70-2.04 
(5H, m), 2.38 (1H, m), 2.70 (2H, 
t), 3.46 (2H, t), 3.50 (1H, m), 3.63 
(1H, m), 4.07 (2H, s), 4.25 (2H, s), 
4.29 (1H, m), 4.51 (1H, dd), 5.27 
(1H, dd), 7.55 (1H, dd), 7.65 (1H, 
dd), 7.90 (1H, d), 8.02 (1H, d), 
8.19 (lH.d), 8.44 (1H, d) 


Ib20' 


t-Bu ester of the 
above compound 


The same 
as above 


APCIMS (m/z) : 683 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.92-1.13 (12H, m), 1.47 (9H, s), 
1.93-2.08 (4H, m), 2.26 (1H, m), 
2.48 (1H, m), 2.87 (2H, t), 3.52 
(2H, m), 3.61 (1H, m), 3.72 (1H, 
m), 4.09 (2H, s), 4.46 (1H, d), 
4.58 (1H, d), 4.66 (2H, m), 5.61 
(In, da), O.ol (In, a), 7.44-7 .07 
(4H,m), 7.91 (lH.d) 


Ib21 


0 o 
r" \ 

HOOC^N 


COOCH 3 


LSIMS (m/z) : 568 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 8): '. 
0.81-1.38(12H, m), 1.86-3.00 
(7H, m), 3.53-3.95 (9H, m), 4.03- 
4.35 (4H, m), 4.47-4.69 (2H, m), 
5.02 (1H, m) 


Ib21' 


t-Bu ester of the 
above compound 


The same 
as above . 


LSIMS (m/z) : 624 ([M+H]*) 


Ib22 


HOOC^NyN^ 


-io 


APCIMS (m/z): 626 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.84-1.00 (12H, m), 1.70-2.06 
(5H, m), 2.38 (1H, m), 3.53 (1H, 
m), 3.61 (1H, m), 4.31 (1H, dd), 
4.45 (2H, s), 4.51 (1H, dd), 4.64 
(2H, s), 5.27 (1H, dd), 7.55 (1H, 
dd), 7.65 (1H, dd), 7.71 (1H, s), 

7QOMH HI Ano (1U HI ft 4=5 

(1H, d), 8.48 (lH.d) 


Ib22' 


t-Bu ester of the 
above compound 


The same 
as above 


APCIMS (m/z): 682 ([M+H]*) 
'H-NMR (300MHz, CDC1 3 , 6): 
0.92-1.14 (12H, m), 1.48 (9H, s), 
1.90-2.30 (5H, m), 2.49 (1H, m), 
3.64 (1H, m), 3.72 (1H, m), 4.60- 
4.75 (6H, m), 5.64 (1H, m), 7.44- 
7.57 (2H, m), 7.47 (1H, s), 7.66 
(lH,d),7.91 (lH.d) 
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(Continuation of Table 7) 



Ib23 


O 


CF 3 


APCIMS (m/z): 576 ([M+HD 
'H-NMR (300MHz, d^-DMSO, 6): 
0.79-0.95 (12H, m), 1.69-2.23 
(8H, m), 3.53-3.72 (2H, m), 
4.24-4.64 (6H, m), 5.75 (1H, d), 
7.66 (1H, d), 8.46-8.63 (2H, mj, 
12.94 (1H, br s) 


Ib23' 


t-Bu ester of the 
above compound 


The same 
as above 


APCILSIMS (m/z): 632 ([M+H]*) 
*H-NMR (300MHz, CDC1 3 , 6): 
0.86-1.08 (12H, m), 1.46 (9H, 
s), 1.91-2.35 (6H, m), 3:62-3.82 
(2H, m), 4.24 (1H, dd), 4.58- 

4.71 (5H, m), 4.86-4.95 (1H, m), 
5.83 (1H, d), 7.25 (1H, d), 7.38- 

7.72 (2H, m) 


Ib24 


• o O 
HOOC^N H^s 

N 1 


CF a 


LSIMS (m/z): 578 ((M+H)*) 
'H-NMR (300MHz, dj-DMSO, 6): 
0.72-1.06 (12H, m), 1.65-2.33 
(6H, m), 3.50-3.78 (6H, m), 
3.98-4.18 (5H, m), 4.30-4.65 
(3H, m), 8.34 (1H, t) 


Ib24' 


t-Bu ester of the 
above compound 


The same 
as above 


LSIMS (m/z): 634 ([M+H]*) 


Tir 
Ib25 


HOOC^N^N^ 


o 


LSIMS (m/z): 615 ([M+H)*) 
'H-NMR (300MHz, d^-DMSO, 6): 
0.77-1.07 (12H, m), 1.68-2.28 
(5H, m), 3.33-3.77 (10H, m), 

(4H, m), 4.98 (1H, m), 7.10-7.50 
(5H, m), 8.19 (1H, d), 9.26 (1H, 
dd) 


Ib25' 


t-Bu ester of the 
above compound 


The same 
as above 


LSIMS (m/z): 671 ([M+H]*) 



ir: 2 hydrochloride 
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Example A: Method for preparing liquid preparation 

Table 8 Formulation 



Compound I-b-1 500 mg 

Sorbitol 5 g 

Sodium hydroxide q.s. 
Distilled water for injection q.s. 

100 ml 



Compound (I-b-1) and sorbitol are dissolved in a portion of 
distilled water for injection, and thereto is added the rest of the distilled 
water. The pH value of the solution is adjusted to pH 4.0, and the 
solution thus obtained is filtered through a membrane filter (0.22 ]im) 
to give a liquid preparation for injection. 
Example B: Preparation of lyophilized preparation 

Table 9 Formulation 



Compound I-b-1 500 mg 

Mannitol 5 g 

Sodium hydroxide q. s. 

Distilled water for injection q.s. 

100 ml 



Compound (I-b-1) and mannitol are dissolved in a portion of 
distilled water for injection, and thereto is added the rest of the distilled 
water for injection. The pH value of the solution is adjusted to pH 4.0, 
and the solution thus obtained is filtered through a membrane filter 
(0.22 pm), and the resultant is lyophilized to give a powder preparation 
for injection. 

INDUSTRIAL APPLICABILITY 

The present invention provides a novel compound. The present 
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compound exhibits an excellent human neutrophilic elastase inhibitory 
activity, and is useful in the prophylaxis or treatment of various 
diseases, especially acute pulmonary diseases. In addition, the present 
invention also provides an intermediate for preparing the above 
compound. 
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CLAIMS 

1. A heterocyclic compound of the formula (I-a): 



HOOG 




wherein * means that the carbon atom marked with * is an asymmetric 
carbon atom, 

A and B are the same or different and each is a lower alkylene 
group being optionally substituted by an oxo group, 

D is a heteromonocyclic or heterobicyclic group of the following 
formula: 




wherein D 1 is a methylene group or an ethylene group, and these 
groups may optionally be substituted by an oxo group, Ring G is a 5- to 
14-membered, saturated or unsaturated, heteromonocyclic or 
heterobicyclic group optionally having other heteroatoms selected from 
a nitrogen atom, an oxygen atom and/ or a sulfur atom, and said 
heterocyclic group being optionally substituted by a substituent T 1 , in 
which T 1 is the same or different 1 to 3 groups selected from 

(i) an oxo group, 

(ii) a substituted or unsubstituted lower alkyl group, 

(iii) a substituted or unsubstituted amino group, 

(iv) a substituted or unsubstituted carbamoyl group, 

(v) a carboxyl group or a lower alkoxycarbonyl group, 
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(vi) a phenyl group being optionally substituted by a halogen 
atom, a lower alkoxy group or a lower alkyl group, and 

(vii) a substituted or unsubstituted lower alkylcarboriyl group, 
R 1 and R 2 are the same or different and each is a lower alkyl 

group, 

R 3 and R 4 are different from each other, and each is a hydrogen 
atom or a hydroxy group, or both combine together to form an oxo 
group, 

R s is a group of the formula: 
— <C)n— (CH2) m -Y 1 
X 1 X 2 

wherein X 1 and X 2 are a halogen atom, Y 1 is a hydrogen atom, a halogen 
atom, a lower alkoxycarbonyl group, a lower alkylaminocarbonyl group, 
an aralkylaminocarbonyl group, an aralkyloxycarbonyl group, a lower 
alkylcarbonyl group, or an aralkylcarbonyl group, or a group of the 
following formula: 




wherein U is an oxygen atom or a sulfur atom, Q is a vinylene group or 
an orthophenylene group being optionally substituted by T 2 , T 2 is 1 to 3 
groups selected from a halogen-substituted or unsubstituted lower alkyl 
group, a lower alkoxy group, a lower alkylsulfonyl group, a lower 
alkylcarbonyloxy group and an amino group being optionally 
substituted by a lower alkyl group, 

n is 0, 1 or 2, and 

m is an integer of 0 to 5, 
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or its ester, or a salt thereof. 

2. The heterocyclic compound according to claim 1, which is a 
compound of the following formula (I-b): 



HOOC 




wherein A, B, D, R\ R 2 and R 5 are as defined in claim 1, 
or its ester, or a salt thereof. 

3. The heterocyclic compound according to claim 1 or claim 2, 
wherein the group of the formula: -A-D-B- is a group of the following 
formula: 

— A— .N— B— 

wherein A, B and D 1 are as defined in claim 1, Ring G' is a 5- to 9- 
membered, saturated or unsaturated heteromonocyclic group having 1 
to 3 of other heteroatom selected from a nitrogen atom, an oxygen atom 
and/or a sulfur atom, and said heteromonocyclic group may have 1 to 3 
substituents T 1 which are as defined in claim 1, 
or its ester, or a salt thereof. 

4. The heterocyclic compound according to claim 1 or claim 2, 
wherein the group of the formula: -A-D-B- is a group of the following 
formula: 

' / \ , 

— A 1 — — B 1 - 

wherein A 1 is a methylene group or a group of the formula: -CH 2 CO-, B 1 
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is a methylene group or a group of the formula: -COCH 2 -, D 2 and D 3 are 
the same or different and each is a vinylene group being optionally 
substituted by a lower alkyl group, or a methylene group being 
optionally substituted by an oxo group or a lower alkyl group, D 1 is as 
defined in claim 1, provided that both D 2 and D 3 should not 
simultaneously be a vinylene group being optionally substituted by a 
lower alkyl group, 
or its ester, or a salt thereof. 

5. The heterocyclic compound according to claim 4, which is a 
compound of the following formula (I-c): 

?-i 3 i YD X/« s (i-c) 

wherein D 1 and R 5 are as defined in claim 1, and A 1 , B\ D 2 and D 3 are 
the same as defined in claim 4, 
or its ester, or a salt thereof. 

6. The heterocyclic compound according to claim 5, which is 
selected from the following compounds, its ester, or a salt thereof: 

Compound 1: 2-(3-cajboxymethyl-2-oxo-l-imidazolidinyl)acetyl- 
I^valyl-N-[(lS)-3,3,3-trifluoro-l-isopropyl-2-oxopropyl]-L-prolmamide; 

Compound 2: 2-(3-carboxymethyl-2,4-dioxo-l-pyrimidinyl)- 
acetyl-L-valyl-N- [( 1 S) -2-(2-benzoxazolyl)- 1 -isopropyl-2-oxoethyl]-L- 
prolinamide; 

Compound 3: 2-(4-carboxymethyl-2,3-dioxo-l-piperazinyl)acetyl- 
l^vatyl-N-[(lS)-2-(2-berizoxazolyl)-l-isopropyl-2-oxoethyl]-I^prolmarnide; 
Compound 4: 2-(3-carb6xymethyl-2,4-dioxo-l-pyrimidinyl)- 
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acetyl-I^vatyl-N-[( 1 S)-3-ben^ 
prolinamide, 

Compound 5: 2 -(4 - carboxymethyl-2 ,5-dioxo- 1 -piperaziny 1) acetyl- 
L-valyl-N-[(lS)-2-(2-benzoxazolyl)-l-isopro^^ 

Compound 6: 2-(3-carboxymethyl-2,5-dioxo-l-imidazolidinyl)- 
acetyl-Lr valyl-N-[(lS)-3,3,3-trinuoro-l»isopropyl-2-oxoproj>yl]-L- 
prolinamide; and 

Compound 7: [[4-(2-carbo^acetyl)-l-piperazinyl]malonyl]-L- 
valyl-N-[(lS)-2-(2-benzoxazolyl)-l-isopropyl-2-oxoethyl]-l^prolinamide. 

7. A mixture comprising 90 % or more of 2-(3-carboxymethyl-2- 
oxo- 1 -imidazolidinyl)acetyl-L-valyl-N-[( 1 S)-3,3,3-trifluoro- 1 -isopropyl-2- 
oxopropyl]-L-prolinamide (Compound 1), or a salt thereof, and the 
remaining % consisting substantially of a stereoisomer of Compound 1 
or a salt thereof, 

8. (Deleted) 
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9. A human neutrophilic elastase inhibitor containing as the active 
ingredient a compound of the following formula (I-b): 



HOOC 




wherein A, B, D, R 1 , R 2 and R 5 are as defined in claim 1, or a 
5 pharmaceutical^ acceptable salt thereof. 

10. A pharmaceutical composition containing as an active ingredient 
a compound of the following formula (I-b): 



HOOC 




wherein A, B, D, R 1 , R 2 and R 5 are as defined in claim 1, or a 
10 pharmaceutical^ acceptable salt thereof. 
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ABSTRACT 

The present invention relates to a heterocyclic compound of the 
following formula (I-a), its ester, or a salt thereof, and a human 
neutrophilic elastase inhibitor containing the same as the active 
ingredient, etc. 



HOOQ 




wherein A and B are the same or different and each is a lower alkylene 
group being optionally substituted by an oxo group, D is a 
heteromonocyclic or heterobicyclic group being optionally substituted 
by an oxo group, R 1 and R a are the same or different and each is a lower 
alkyl group, R 3 and R 4 are different from each other, and each is a 
hydrogen atom or a hydroxy group, or both combine together to form an 
oxo group, and R 5 is 2-benzoxazolyl, trifluoromethyl, ben2ylamino- 
carbonyl, etc. 



